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PRACTICAL TREATISE 



O N 



SHIP-BUILDING, 



C H A P. I. 

General Proportions for Building. 

NAVAL Architecture may be divided into three principal parts. 
I. To give the (hip fuch a figure, or exterior form, as may 
fuit the fcrvice (he is deligned ror. 
II. To find the true form of all the pieces of timber that 
(hall be neceflary to compofe fuch a folid. 

III. To make proper accommodations for guns, ammunition, provi- 
sions, and apartments tor all the officers, and likewife for the cargo. 

We (hall at prefent only treat of the firft of thefe, namely the exterior 
.figure, and confider it firft, as it regards the bottom, that is, the part which 
lies under water, and may be called the quick- work; or, fecondly, the 
part which is above water, and may be called the dead-work. 

In order to give a proper figure to the bottom, all the qualities which 
are neceflary to make a (hip anfwer the fervice for which (he is defigned, 
(hould be confidered. A Ihip of war (hould carry her lower tier of guns 
four or five feet out of the water. A (hip for the merchants fervice 
Should (low the cargo well, and both of them (hould be made to go 
well, carry a good fail, ftecr well, and lie to eafily in the fea. 

B ' Some 
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2 General Proportions for Buildings Chap. F.. 

Some eminent geometricians have endeavoured to find the form of a. 
foiid which may beft anfwer all thefe qualities, and meet with the lead 
refinance in dividing the fluid through which it is to pafs ; but have nofr 
been able to reduce their theory to practice, by reafon of the different 
pofitions a /hip is obliged to be in when under fail. The (hip-builders,, 
defpairtng to eftablifh this point by mathematical rules, have applied 
themfclves wholly to their own obfervations and experience, which may 
indeed fupply the deficiencies of art ; but though they may thereby dis- 
cover that a (hip has feveral bad qualities, it will not be eafy tp determine: 
where the fault lies ;. for it may be owing to the rigging j and though 
the fault be not there, yet they cannot be certain in what particular part 
of the body it is. If their observations be affifted by principles drawn 
irom theory, it will conduce very much to attain their end. 

As there have been feveral mips built which have feemed to anfwer all 
the fervices for which they have been defigned, fome builders have made 
it their principal ftudy to copy fhips which have gained the applaufe of 
the feamen. This method they very improperly call the principal rule 
which Should be obferved in building. Now, as the bodies of mips are 
very different from one another, fo there are, by this means, as many dif- 
ferent methods ufed j fome chufing one, and fome another for a ftandard. 
But it mail be obferved, that even though it were poffiblc to find fuch a. 
body as mould give entire fatisfadtion, and have all the good qualities that 

. mould be neceflary to anfwer the fervices propofed, yet this could by no> 
means be eftabli(hedja5 a ftandard by which other fhips of different 
fPftqfions may be buik. For admitting we have a firft rate of 100 guns,, 
which by experience has been found to be a very good (hip in all refpe&s, 
yet we mould find ourfelves very much deceived, if we {hould build a. 
(hip of 20 guns by making all the parts have the lame proportion to one 
another, that they have in that of 100 guns. 

The firft thing to be done, in order to lay down the draught of a (hip, 
is to determine the length, which fhbuld be cither on the lower gun deck, 
.Or at the load- water line ; for there muft be great care taken that there 

' j6 a Sufficient fpace betwixt the posts. This will oblige us firft to fix 
the number and dimenfions of the ports, the diftance of the aftermoft 
port from the tranfom, and of the foremoft from the Rem, and the dis- 
tance betwixt the ports. This article may be determined by the fol- 
lowing tables : 



ATai>U 



( 3 ) 

A Table of the Nttmber of Torts on each Side of a Ship, 
according to the Number of Gum y and the Weight of 
the Shot. 



Ship of 1 1 2 Guns. 



Decks 



3 

garter 

Forecaftlc 

Poop 



Quarter 
Forecaftlc 



Ports 



Shot 



«5 
16 

»5 



i 



A STSp of 64 Guns. 



480^6 

^4 
12 

8 

8 

4 



Ports 



Shut 




A Ship or 50 Guns. 



Dtclcs I Ports J Shot 



1 1 
12 



18 
12 



A Frigate of -32 Guns. 



Decks 



1 

2 

Quarter 
'orecaftle 



Ports 



4 
10 



ShoT 



B 
6 

4 



A Frigate of 24 Gurrs. 



Decks 



Quarter 



Ports 



Shot 



10 
2 



6 
4 



a Ship of 102 Gi 



Decks I Ports 1 Shot 



1 

2 

3 

Quarter 

Forecaftle 

Poop 

- 



1 + 
14 



36 
18 
12 



A Ship of 58 Guns. 
Decks J Ports | Shot 
i8~ 



1 

2 

Quarter 
Forccaftle 



1 2 



1 2 



A PngaEc of 40 Guns 



Decks I Ports J Shot 



1 
2 



1 1 

12 



1 



1 2 

8 



A Frigate of 32 Guns. 



Decks 



1 

2 



Ports 



10 

6 



Shot 



T 
6 



A Shin of 74 Guns. 
' ■ " - ■ Shot 



^ I. 



223 



Quarter 7 
Forecaftlc 3 
Poop 



} 8 

La 



I hr Tiger. 



Decks I Ports 



Quarter 
Forccaftle 



1 1 
1 2 

3 
2 



Shot 



18 
8 
6 

4 



A Frigate of rz Guns 
Decks I Ports | Stiot j 



10 



Quarter 7 
Forccaftle J 
aT rigate of 28 Guns 



AFrigate ot 2 2 Guns. 



Decks 



2^ 



1 

uarter 



Ports 



2 



Shot 



Decks 



1 

2 



Quarter 



Ports I Shot 



i 
10 

1 



8 

4 
4 

■ 



Frigates of 20 ijuns havi 
10 Ports on each .fide 
on one Deck. Shot 6 lb. 



1 1 1 1 ' ' 



— 



Veflels of 16 guns have 8 ports on one deck, the guns to carry 41b. fhot. 
Veflels of 1 2 guns have 6 ports on one deck, the guns to carry 4 lb. fhot. 

B2 A Table 
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A Table of the Dimenfions of the Ports, and Height of their St/Is,, accord^ 

ing to the Weight of the Shot. 



Siiot|Hci. ami brea. of ports 'Height of the ports 



lb. 

48 2 9 
36 2 8 



24 
i# 
12 

«' 
6 



5 
4 

2 2 

I 



in. 1. t. in. t. in. 

o or 3 2 

o or 3, 1 

2 8 or 2 10 

2 7 or 2 8 

2 4 or 2 6 

1 11 or 2 3 

1 8 or 1 it 



i 6 or 1 9 | t 



lit Deck 
f. in. 

2 

1 

1 1 

10 

8 

7 
5 



*d Leek 

f. in. 

2 o 

1 9 

t 8 

1 6 

1 6 



Sell* I 



3d Dcckj CAiaiter- 
Deck and 
Forecaftle 



1 7 



1 5 
" 5 
' 3 



^ Table of the Number, Dimenfions and Dijlances betwixt the Ports on the- 
lower Deck alfo the Difiance betwixt the fortmofl Port and the Stem,, 
betwixt the Aftmoft and the Sternpoft. 



Ships Names. 



Foremoft 
from Stem 



Amiabla 
Invincible 
Achilles 
Touloufe' 
Ardent, 64 guns 
Fleuron, 64 guns 
Dauphin Royal, 74g""& 



N°ofBreadtB 
Ports of forts 
8 



»3 

'3 
12 

12 
12 
12 

a 



2 

2 
2 

2 
2 
2 
2 



8 
8 
8 
8 
8 

10 



DutTbccw. 
Ports 

7 ^ 



7 
7 
7 
7 
7 
7 



4 

8 

6 
8 



*3 

12 
18 

*7 
17 



4 

2 

4 
o 



18 10 
18 2 



Aitmolt 
from Poft 
o 
o 
6 
2 
2 
6 



9 

9 
10 

9 

9 
10 

10 



Lrngth on 
L. Deck 

'47 
144 

145 
141 

140 8 
'45 8 
■56 



Note, An inch Fr*/w£ meafurc is equal to 1 V* inch Engltfa and is divided ihto> 
twelve parts called lines, which are divided .into twelve parts, called points. 

t 

The next thing to be done is to eftablifh the breadth by the midfliip< 
beam ; the builders are pretty much divided in proportioning this to the 
length. Moft of them conform to dimenfion* taken from fliips of ma 
fame burthen, and defigned for the fame fervice. 

After thefe two dimenfions are determined, the depth of the hold muft 
be fixed, which in moft (hips is half the breadth ; but the form of the 
body fhould be confidered j for a flat floor will require lefs . hold than a 
fharp one. The diftances likewife between the decks muft be deter- 
mined. The following table may be very ufeful towards afcertaining the 
three aforefaid dimenfions. 

A Tattle 
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jt Table 



(5) 

of the Length, Breadth, and Depth in mid of the following Ships. 
Ship's Names 



Monarque 
Intrrpide 
Alcide 
Renoramee 
Palme 
Soldi Royal 
Formidable 
Tonnant 



Depth in 
the Hold 



Super be 
Efperanse • 
Magnifique 
Northumberland 
Lis 

Hercule 
Protee - '''' 
Illuftree' 
Opinatre 
Dragon 
Leopard 
St Laurent 
Amphion 
Amazon -i , 
Bnllant . 
Arc-en-Cicl 
Tigre 
Alcion 
J*quilon 
Junoo 
Favorite 
Anglefea. 
Serenne 
Emeraude 
Galatce . 
Mutine 
Cumberland 
Marflial Saxe 
Anemone 
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Shin's Wimf*« 


VJU I IT) 


T sPnrrf h 

J-Jv 1 l^l 1 1 


Breadth 


Dfpth 


Amaranie 






t. 


in. 


r. 


in. 


I z 


ft 1 

°4 


22 


t 


9 












4 


1 8 




Brave 


a 


X £ 


44 




21 




riorinanc 


74 


10 , 


45 




22 


6 


Couronne 


74 


107 


44 




22 


7 


■nana 


04 


149 


40 


6 


20 


9 


Aigle 
ncrniionc 


5° 


I 44 


39 




19 


6 




* t An 


33 


8 


13 




Juftc 


7° 


151 


42 




21 




Triponnc 


26 


114 


3i 


8 






Panthere 


20 


108 


28 


6 






Badine 


6 


66 


18 


4 







We may then proceed to fix the length of the keel, which will oblige 
us to determine the rake of the ftem and poftj for which the builders 
have given us no invariable role, they being very much divided' in their 
opinions $ for whefe fome have given a rake of 18 or 20 feet, others 
have given none at ill. The height of the ftem and wing-tranfom muft 
alfo be determined, which may be regulated' by the decks. 

The d i ffe ren^e bet wixt the draught of water apaft and that afore, mould 
4 ike wife be considered } for though fome imagine that when a fliip is 
loaded her keel mould be parallel to the furface of the water, yet in many 
cafes it will be found neceflary that the keel abaft mould be deeper in the 
water that it is afore. This will give the rudder more power, and 
thereby contribute to make a (hip fleer well ; but this difference of the 
draught of water is in ti rely arbitrary ; for in large mips fome have given 
five, whereas others have given but three, or eve^n two feet of difference. 
Though I could not procure the true difference of the draught of water 
of many fhipt of War, yet I ami affured that the following are pretty exact. 



Ihe Difference of the Draught of Water in the following Ships. 

feet in. 

1 A 

2 1 

2 
r 

3 



Northumberland 
Augufte 
Alore 
Hermione 
Amazone 
Badine , 
Palme 



feet 
1 
1 

1 

2 

1 
o 

1 



in. 

2 

6 
o 
o 
6 
10 

4 



Panthere 
Couronne 
Tripohne 
Renommct 
Tifere: 
•Intrepide 
Alcide 



U 



.2" 



4 

2 

3 
o 



The 



1 1 
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The length of the wing tranfom jnuft alio be determined $ fome make 
it -t - of the main breadth ; but this is likewife arbitrary, the broader a 
fliip is abaft, the more room there will be for accommodations for the 
officers ; but this will be difadvantageous to her failing upon a wind. 

Tbe following Examples will be fufficient to fix the Length of the Wing 

tranfom for any Ship. 

For a fliip of 1 10 guns, \ of the main breadth, and 3 lines more to every foot 
102 guns, 4 of the main breadth, and 8 inches more. 
82 guns, y of ditto. 

74 guns, 7 inches, 9 lines for every foot in breadth. 
62 guns, 7 inches, 8 lines for ditto. 
56 guns, 7 inches* 7 lines, 3 points for.ditto. 
50 guns, 7 inches, 6 lines, 6 points for ditto. 
46 guns, 7 inches, 6 lines for ditto. 
£2 guns, 7 inches,, 54. hnes foe ditto. 
For a frigate of 22 guns , 7 inches 4 lines. 

X 2 guns, 7 inches. 

* . .(,.... 

Some,, without regarding thefe proportions, make the wing tranfom* 
of the firft and fecpod rates two thirds of the breadth, and for all the reft 
one foot lefs. 

After thefe dim en (ions are determined, the timbers may be confidered 
which form die fide? of the (hip. A frame of timbers is compofed of 
ooe floor timber, two or jthtee fyttocks and a top .timber 00 each fide: 
All thefe being united together, and fecured Jby crofs^bors, form a circular 
inclofure, that which inclofes the g re ate ft fpace is vailed the midiliip 
itame : The curve of this frame is inverted at the lower part, fo that 
the floor timber will be fomewhat hpUow in the middle, whereby the 
enaVwiUform a very obtuie angle * but this angle deereafies the farther 
the frames are Removed /rpm the rnidiliifts, in fuch a manner, that the 
fbremoft and aftermoft will become very (harp, and form a very acute 
angle. Thefe &oor timbers are called crutches. 

The builders feem to agree nearly as to the length of the micKhip floor 
timber, making it generally half the length of the main beam ; but they 
differ very much abottt the rifing of it, fome chufiog a flat and others a 
frarp floor. And if we consider the advantages and difadvantages that 
attend the one and the other, we (hall not be much furprized to find 
them fo much divided upon this article ; for it is certain, the more ri- 
fing a fhip has, (he will hold the better wind, but then this will occafion 
her to draw more water, which will be lometimes attended with very 
great inconveniences. 

A Table 
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A Table of the rifing of tbe Midjbip Floor Timbers. 



Guns 
1 10 

1 02 • 

61 



f. 
□ 
o 
o 
o 
o 



in. 
o 

o 

I 

I 
I 



28 



f. 

o 
o 
o 
o 
o 



in. 

1 

1 

i 

1 

1 



lines 

4 I 

4 -to every foot 

4 f in length. 



J 



he floo 



r timbers, tbe 
and tbe 



lines."^ Guns 

1 o J- ! to every foot 

o r in length. 

o 22 o 1 6 

o*- J I 16 016 

Note, fFhjt we have here rendered the rifing of * 
author calls the Aculement, and makes a diftinilion betwixt it 
rifing, which we fhaH Jee when we come -to form tbe frames. 

They differ as much in determining the ftation of the mid (hip frame, 
fome placing it before, others at the middle of the (hip ; others again 
have two floor timbers of equal length, and rifing, one of which is placed 
exactly in the middle, or the breadth of the timber before the middle, 
and the other at a proper diftance before it. Thofe who place it before, 
alledge, that if a fhip is full forward, after fhe has once opened a column 
of water, (he will afterwards meet with no refinance, and the water will 
eafily unite abaft, and by that means Force the (hip a-head, and have 
more power on the rudder the farther it is from the centre of gravity ; 
and befldes this comes neareft the form of fifhes, which mould leem to 
be tlie moft 'advantageous for dividing fluids. 

4 Thofe who would have it placed in midfhips fay, that by that means 
the water-b'nes forward ' will be eafier, and of confequence propercr for 
dividing fluids ; and that there will be fpace enough betwixt it and the 
rudder for forming very fair water-lines, fo that the water will eafily 
unite at tbe rudder; and befldes it will be eafier by this means to ba- 
lance the fore body and after body ; and in general the! building will by 
.this means be very much facilitated j fo that, in my opinion, it will be 
propereft to place it very near the middle, -though k is the general 
practice to place it before it. 

After the rifing of the midfhip floor timber is determined, we may 
then proceed to fix the height of tbe rifing line of the floor abaft on 
the poll, and afore upon the flem. 

Now, as all fliips are narrower abaft and afore, than in midfhips, the 
other floor timbers will of confequence be (horter and have a greater ri- 
fing, which will be ftill increafing tiH it ends on the poft and ftem. 
There are feveral different methods ufed by the builders to fettle the 
.height of this line. Some imagine, that by narrowing the floor abaft, 
jvhich will occafion the rifing line to be high •upon the poft, the fhip 

will 
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will thereby fteer better, and befidcs, the water which is opened by the 
midlhip frame will then have a greater preflure upon the after part of 
the Ihip, and thereby contribute to her failing: Yet thefe arguments are 
of very little weight ; for if we only confider the fteeragc, it is certain, 
that the higher the riling line is carried abaft, and the narrower a Ihip if, 
the water will have the eafier paffage, and more power upon the rudder. 
But then we fliall thereby run the rifle of falling into two great inconve- 
niencies ; for, by this means, we take away the buttock, which is the 
only thing we have to fupport all the weight of the after part of the 
fhip; neither (hall We be able to give a proper balance betwixt the fore 
and alter part ; and when the fore and after parts are not duly balanced, 
it will occafion a (hip to pitch very hard, and be in danger of being 
frequently pooped by the fea when it runs high. To prevent thefe in- 
con veniencies, it will be proper to give all (hips, efpecially the large fort, 
a full buttock. As to the height of the riling line afore, it fhould be 
determined by the form of the water lines j but before this can be done, 
the timbers mud be formed. 

Note t What we have rendered the rijing line of the floor \ our author calls 
les facons, ivbich^ be fays, is the increafe of the acculement, the extreme 
points of' which upon the perpendicular of the Jlem and pojl are now to be 
determined. 

The height of the lower deck is the next thing to be confidcred : It is 
determined in midlhips by the depth of the hold, and fome builders make 
it no higher at the Item ; but they raiie it abaft more than it is in mid- 
lhips, as much as the load-water mark abaft exceeds that afore. As to 
the height betwixt decks, it is altogether arbitrary, and mull be deter- 
mined by the rate of the Ihip, and the fervice that me is defigned for. 

We come now to confider the upper works, or all that is above water, 
called the dead- work : And here the fliip muft be narrower, fo that all 
the weight that lies above the load- water line will thereby be brought 
nearer the middle of the Ihip ; by which means Ihe will drain lefs by 
working the guns, and the main fail will be eafier trimmed when the 
fhrouds do not fpread fo much. But though thefe advantages are gained 
by narrowing a Ihip above water, great care muft be taken not to narrow 
her too much, for there muft be fufficient room upon the upper deck for 
the guns to recoil. The fecurity of the mails Ihould likewife be confi- 
dered, which requires fufficient breadth to fpread the Ihrouds, though this 
*nay be afliftcd by enlarging the breadth of the channels. 

C CHAP. 
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» 

chap. n. 

Of the Scantlings and Dimenfions of the principal Pieces of 

Timber in a Ship. 

ALTHOUGH it is not uiy intention, as I obfcrvcd in the begin- 
ning of the lafl chapter, to treat of all the pieces that compofe the 
(hip, yet I think it neceflury to fay fomething of the principal pieces. I 
fh. il therefore, in the following plate, lay down each piece by itfelf, by 
which means we mall fee the length of the fcarphs, and in what mannec 
they are to be joined together. 

Explanation of Plate I. 
I. 

A. The keel in four pieces, to be well bolted together, and clinched. 

II. 

I. The fore foot, one end of which is fcarphed to the fore end of the 
keel, of which it is a part, and the other end makes a part of the ftem,. 
to which it is fcarphed. 

III. 

u u. Two pieces of dead wood, one afore and the other abaft, fayed 
upon the keel. 

IV. 

C C. The Hem in two pieces, to be fcarphed together. 

V. 

E E. The apron in two pieces, to be fcarphed together, and fayed on 
the infide of the ftem, to fupport the fcarph of the ftem ; for which pur- 
pofe the fcarph of the apron muft be clear from that of the ftem. 

VI. 

0. The ftemfon in two pieces, to fupport the fcarph of the apron. 
o. The falfe poft, which is fayed to the fore part of the port. 

VII. 

B. The ftcrn poft : It is tenanted into the keel, to which it is fattened 
with a knee. 

D. The 
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vm. 

D. The back of the port, which is likewife tenanted into the keel and 
well bolted to the port j the defign of it is to give luflkient breadth to 
the poll, which ieldom can be got broad enough in one piece. 

IX. 

F. The knee which fafteneth the port to the keel. 

X. 

N. The wing tranfom. It is fayed acrofs*the ftern poft, and bolted 
to the head of it : The fafliion pieces are faftened to the ends of it ; un- 
derneath this and parallel to it is the deck tranfom. 

XI. 

O O. Two tranfoms faftened to the ftern poft and falhion pieces, in 
the fame manner as the wing tranfom. 

XII. 

P. The tranfom knee, which fafteneth it to the (hip's fide. 

XIII. 

Q. The fafliion piece, of which there is one on each fide : Their heels 
are faftened to the ftern poft at the height of the floor ribbands, and their 
heads are faftened to the wing tranfom. 

XIV. 

T. A floor timber. It is laid acrofe the keel, to which it is faftened 
by a bolt through the middle. 

XV. 

K. The lower Futtock. 

XVI. 

T T T T T. 2d, 3d, 4th futtocks and top timbers. Thefe fhew 
the proper length and fcarph of the timbers in midfliips frame. 

XVII. * 

U U. Riders. Thefe arc fayed in the infide of the (hip, and confift 
of floor and futtock riders. 

C z Z. The 
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XVIII. 

Z. The kcclfon. This is made of two or three large pieces of timber 
icarpbed together in the fame manner as the keel. It is phced over the 
middle of the floor timbers, and fcored about an inch and an half down 
upon each of them. 

xrx. 

R S. Brcaft-hooks. Thefc are fayed in the infide to the ftem, and to- 
the bow on each fide of it 4 to which they are faftened with proocr baits. 
There are geneally four or five in the form of R in the hold, one iu 
the form of S into which the lower deck planks are rabbited - t there is 
one right under the hawie holes, and another under the fecond deck. 

XX. 

X, Y, Z. are thick planks which are fayed in the infide, and ftretcb 
fore and aft to ftrengthen the fcarphings of the timbers. 

XXI. 

Z. are tVicfc planks in the infide, called clamps, which fupport the 
ends of the beams. 

XXII. 

*5» '5« ! 5' J 5» 1 5» are me w al«. They arc planks broader and thicker 
than the reft, which are faftened to the outfide of the (hip in the wake 
of the decks. We mall have occafion in another place to (how how 
they are laid down in a draught. As to the plank below the wale to. the 
keel, and above it to the top of the fide, we refer to the fe&ion of one 
half of the midlhip frame, as laid down in the plate. 

xxm. 

d t </, d, d, d, d, d y are knees. Thefe are crooked pieces of timber con- 
fiding of two arms, which form an. angle, either within or without a 
fquare, or exactly fquare ; their ufc is to fatten any two pieces together, 
as the beams to the flaip fides. 

^ XXIV. 

jo. The rudder. This is joined to the ftern poft by the rudder iron?, 
upon which it turns round in the googings which are faftened upon the 
ftern poft for that purpofe. Thccc is a mortife cut out of the head of 

it, 
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it, into which a long bar is fitted, called the tiller, by which the rud- 
der is turned from one fide to the other. 

•23. The cat heads. Thefe are two large pieces of fquare timber, one 
on each fide of the bowfprit. They project out before the bow, in order 
to keep the anchor clear of the (hip, which is hove up by a rope called 
the cat fell, that panes through (hivers in the outer end of the cat-head : 
Their inner ends are fattened upon the forecaftle. 

, . XXVI. 

m, n^. /, /, are the feveral pieces which compofe the knee of the head $ 
the^loTvcjgDart m is faye^l to the ttem, the heel of it is fcarphed to the 
head of tmr forefoot} it is fattened to the bows by two knees called 
cheeks, in the forai of f 9 and to the ftem by a knee called a ftandard,. 
in the form of K» 



B&ms oc, a, 



XXVII. 

^ , X Y, are large pieces of timber which fiipport the planks 

of each deck. 

Having thus explained allibe pieces in t be- plate t we Jball in the following 
table give their fcantlings. 
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CHAP. nr. 

A Method to lay down a Seventy Gun Ship upon the Plane of • 

Elevation. 

TH E Dimenfions we have given of the principal parts of a {hip 
of each clafs collected from the practice of different builders, 
which many have fo great a regard to, as not to vary from them in the 
minuteft article, we think only tobefo far obferved, as they (hall produce 
fuch a form as the fervice the {hip is defigned for, {hall require, agreeable 
to mathematical principles. 

We mall now illuftrate what has been faid on that head by drawing a 
{hip from thefe dimenfions. But it will be firft neceffary to obferve, that 
. the builders make ufe of three different planes for one (hip j ] ft, the plane 
of elevation, in which the whole length is laid down according to a fide 
vicwj 2d, The plane of the projection, which fome call a vertical plane 
of the timbers, becaufe it gives us an end view of the form of all the 
timbers, before the plank is put on. 3d, The horizontal plane, upon 
which are defcribed all the curves that are formed by fecVions of the bo- 
dy parallel to the horizon, which mail be confidered as well as thofe 
vertical fections which form the curves of the timbers. We may likewife 
form the curves of the ribbands upon this plane, which will be of great 
ufc in proving whether the form we give the timbers will produce a 
fair fide. 

It is indifferent with which of thefe we begin, though that of the 
elevation feems moft commodious. But firft of all it will be very proper 
to draw out a lift of all the dimenfions of the vcflel we are to build, fo 
that we may have a view of the whole defign. 

This fhip then is to have two tier of guns, lb there muft be two decks 
quite fore and aft, likewife a quarter deck as far as the main maft, a fore- 
caftlc 33 feet long, and a poop to <hc mizen maft. 

There are to be 13 ports of a fide on the lower deck, the guns to carry 
24 lb {hot ; 14 ports on each fide upon the upper deck, the guns to 
carry 1 3 lb fhot ; on the quarter deck 4 guns, and on the fbrecaftle 2 guns 
of $ lb (hot on each fide, and 2 of 4 lb on each fide on the poop. 

Pcrtt. 
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n , . . feet in. L 

Forts on the lower deck fore and aft 210 
Diftance betwixt the ports 7 0 

Aftermoft port from the port: . Q ? 

"Foremoft.from the ftem ' ' ,Z 2 

Height of the fells, including the lower deck planks 2 c 

Ports up and down on the lower deck 2 7 

Drftance from die upper fide or the lower deck beam to the 7 , 

upper fide of the upper deck beams J 6 11 

Riling of the fccond deck abaft 1 1 

Second deck ports up and down ■ . 2 

-Second deck ports fore and aft — ^ _ 2 6 

Height of the fells from the deck line x n 6 

Diftance betwixt the fecond deck and quarter deck from 7 

plank to plank J 6 6 

Quarter deck ports up and down — 1 I0 

Quarter deck ports fore and aft ■ ~— . 2 

Height of the fells , . 

Diftance betwixt the quarter deck and poop _ 6 2 

Ports on the poop fore and aft — - , IO 

Height of the fells — . 0 

Length from rabbit to rabbit on the gun deck — t , 3 
Extreme breadth — -. — . ^ 2 3 

Depth in the hold below the plank 2 i 00 

Rifing of the lower deck abaft, not including the difference 7 

of the draught of water J 2 1 1 6 • 

Height of the ftem ■ 3 1 Q - 

Height of the poft 3I X £ 

Rake of the ftem — — 1 ? 7 2 

Rake of the poft 31c 

Length by the keel I39 6 10 

Depth of the keel ,. , z 7 - 

Length of the wing tranfom — — ■ 27 

Length of the midflbip floor timber — 2 1 

Rifing of ditto 1 9 

Difference of the draught of water abaft more than afore 3 2 

Height of the rifing line of the floor abaft 13 6 0 

Height of the rifing line of the floor afore 5 7 5 

I would advife young beginners in the art of drawing to conform 
exactly to thefe dimenfions, which we have here given for an example, 

and 
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and obferve all the particular directions which we fhall give in laying 
-down a (hip of 70 guns ; for they muft begin by making themfelves 
acquainted with the terms, and thereby gain a general idea of the whole 
delign. After finifliing this draught, they may then proceed to another 
of a different rate, and as we have given the principal dimenfions of fe- 
veral good Cbips> they may chufc fuch a one as will beft anfwer their 
defign. 

Plate II. Fig. I.J i ft. Provide a fcale of equal parts properly divided into 
feet and inches, adapted to the intended length of the draught, and draw 
the line A B, which make 1 56 feet 3 inches for the length of the gun 
deck, from the rabbit of the ft em to that of the poft. 

To find the length on the gun deck,, multiply 13, the") f. in. 1. 
number of ports, by 2 f. 10 in. the dimenfions of each port \ 36 10 o 
fbre and aft, the product is J 
Again multiply 7 f. 9 in. the diftance betwixt the ports, by 7 

12, the number of fpaces, the product is y93 0 0 

Aftmoft port before the poft 9 3 o 

Foremoft abaft the ftem 1720 
Length on the gun deck 156 3 o 

2dly, Draw the line C D equal and parallel to AB, let 21 feet, the half 
of the main breadth, be the diftance betwixt them, and erect the perpen- 
dulars C F and D Z. 

3dly, Set ofT 3 feet 2 inches, the difference of the draught of water, from 
B to G, and draw the line A G, which will give the pofition of the 
lower fide of the. keel. From A fet off 1 foot 7 inches 3 lines, the depth 
of the keel, as in the table of fcantlings, to K, and draw the line K I pa* 
rallel to A G, which will be the upper fide of the keel. 

4thly, Set off 1 foot 3 inches 3 lines, the breadth of the ftem, from G 
to M, and draw the dotted line M N parallel to G Z. From G fct off 
iy$ feet 7 inches 2 lines, the rake of the ftem, to O.. 

5thiy, Set up 31 feet 9 inches 3 lines, the height of the ftem from 
G to P. With the radius I P defcribc the arch P O, which will be the 
fore fide of the ftem, and from the fame center defcribe another arch 
within the former, which will give the infide of the ftem, and another 
arch for the rabbit may be defcribed four inches before the infide of 
die ftem. 

6thly, Set up 25 feet 1 inch from K to L for the height of the gun 
deck abaft, and 21 feet 6 inches from I to i, for the height afore. 

7thly, Set up 2 feet 5 inches, the height of the port-fells from L to •<?-, 
which will give the upper fide of the wing tranfom \ from which fet up 

D. 2 feet: 
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2 feet 7 inches, the height of the ports; alfo i foot for the depth, and 
6 inches g lines for the round of the helm port tranfom, to the point F, 
which will be the height of the poft j foK F will be 3 1 feet 7 inches 

9 lines. From K let off 3 feet 1 inch 5 lines to /, for the rake of 
the poft, and draw the line F /'for the aft fide of the poft. From- J to 
b fet off the depth of the keel, and draw the line b d for the fore fide of 
the poft, making F d { of f b, fo (hall f O be the whole length of 
the keel. 

The builders are very much divided about aligning a proper place for 
the rotdlhip frame, for which the following method may be ufed. 

Divide the line C D into two equal parts, then take 5 feet 6 inches 

10 lines, that is ^ part of 156 feet 3 inches, the length of the gun 
deck : Set of this before the middle of the line C D, which will give 
the point F, the ftation of the midmip frame. Set up 2 1 feet from F to 
Z> which will give the height of the gun deck at the midftiip frame. 
From the point Z fet off 2 feet 7 inches 6 lines (the 4 of the height of 
the gun deck at the midrtiip frame,) through which point draw a line V T, 
parallel to C D, which will be the load- water line. Through the point F 
draw the line G g, parallel and equal to the load-water line, which will 
(hew how much water the (hip will draw abaft more than afore. 

One of the frames is placed pretty neat the chelfc tree, which is called 
the loof frame $ to find its place, from the point D fet off ^ of the line 
D C, and there draw a dotted line perpendicular to A B-. Again divide 
the line F G into nine equal parts, and draw eight lines perpendicular to 
A B, which will ftation eight frames in the fore-body befides that of 
the loof. 

There is in the after-body a frame to balance that of the. loof in the 
fore-body ; thefe two are of equal breadth in fome points, and this will 
occaiion the center of gravity of that part contained betwixt thefe two 
frames to be near the plane of the midfhip frame, which will keep the 
fore part and after part upon a balance. It muft be as far abaft the 
middle of the line C Das that of the loof is before it. 

The framesin the after-body are the fame diftanee from one another 
as they are in the fore, which will occafion one more abaft than before ; 
fo there are nine abaft, befides that of the balance. 

We (hall in the next place lay down the deck lines, and firft for the 
lower deck draw a fair curve through the points L Ze, and parallel to it 
draw another curve for the port-fellSj which are 2 feet 5 inches above 
the deck line. 

The 
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The aftermoft port is 9 feet 3 inches before the poft, which fetoffio*, 
and the ports are 2 feet 10 inches fore and aft j which fet off from u to #, 
the diftance betwixt the ports is 7 feet 9 inches, which fet off from x to Y 
for the aft fide of the fecond portj from Y again fet off 2 feet ro inches, 
which will give the forefide of the next. Proceed in the fame manner 
till all the ports are fpaced j fo mall the foremoft port be 17 feet 2 
inches abaft the rabbit of the ftem. The height of the ports is 2 feet 
7 inches, which fet op from «j draw a curve parallel to the deck line, 
which will give the upper part of all the ports j after which thefe two 
lines may be wiped off the. draught, which muft be therefore drawn with 
a black lead pencil, and only the ports inked in. 

Dcaw a line foe the upper deck, which is 6 feet ri inches above the 
lower from the midihip frame forward, and 6 inches- more abaft. We may 
then draw a line for the port-fells, and one for their height, parallel to the 
deck line, and fpace the ports fo that they may be exa&ly over the mid- 
dle of the. diftance betwixt the lower deck ported 

Be/ore we can fet of the height of the quarter deck we muft find the 
true place of the: main marl:. The general rule is to take 4 lines for 
every foot the gun: dock is in length, and fet it off abaft the middle, 
which will give the forefide of the maft>, now the lengtb 1 56 feet 3 inches 
x 4. lines, 5» 625 394 feet 4 inches v line, which fet off abaft the mid- 
dle of the line C D) and there erect a line perpendicular to the water-line, 
which wUl be: die fore fide of the mail; and parallel to it draw a line for 
the middle, and: one for the aft fide of the maft, the diameter of which is 
35 inches, Setoff <L feet 6 inches- on the aft fide of the main mart, for 
the height of the quarter deck afore, and 6 feet ro inches for the height 
abaft j and dflaw ■* lino nearly parallel to that of the upper deck, which 
wiU;bt'thex. line for the quarter deck. We may then fpace the ports, 
fo that;they may he. exactly over thofe of the- lower deck. The forecaftle 
is 6 feet 6 inches, high, at which diftance draw a line- parallel to the up- 
per deck line, which will give the. line for the forecaftle deck. As to 
the length of this deck, it ends forward f at the beak head, and is- carried 
aft difcrctionally, obferving to leave room for the capftan bars. In fpa- 
cing the ports upon the forecaftle, care muft be taken that none be op- 
pofite to the fore maft. Now to find the center of this mart, take 1 5 feet 
7 inches 2 lines, the tenth part of the whole length, which fet off from 
the rabbit of the ftem upon the lower deck abaft, from which point fet off 
32: inches and 1 line, being the diameter of the maft ; through the middle 
of this draw a perpendicular line, as in the plate. The boltfprit gene- 
rally makes an angle of 34 or 35 degrees with the load-water line. 

Dz The 
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The poop is pretty near parallel to the quarter deck ; the diftance be- 
twixt them forward is 6 feet, and abaft 6 feet 3 inches. It ends about 
.1 8 inches before the mizen mart, the afc fide of which is 4 of the main 
breadth before the rabbit of the port upon the gun deck. 

The counter is .generally an arch palling from the upper fide of the 
.wing-tranfom to the lower fide of the beam of the fccond deck. The 
.rake of the lower counter is 4 of an inch for every foot of the main 
"breadth. The rake of the fecond counter is 4 of the lower; its height 
above the deck is 3 feet 5 inches. The hollow of the counters is altoge- 
ther arbitrary, infomuch that fome give none to the lower. The upright 
•of the (tern rakes 2 inches in a foot, as in the plate. 

The beauty of a (hip depends much upon giving the wales a proper 
hanging ; for by them the fhcer.and drift rails are regulated, being all 
nearly parallel to one another, though they generally rife a little more 
abaft on account of the accommodations for the officers. It is this 
which makes a (hip look airy and graceful in the water. There is no 
certain -rule for laying them down ; this is left entirely to the fancy and 
tafte of the artift ; but in placing the wales great care muft be taken that 
they be wounded as little as poflible by the ports ; the foremoft port on 
(he gun deck muft be 1 t or 2 inches above, and the third port from 
abaft juft touch the upper fide of the upper ftrake of the main wales. 
The lower edge of the lower ftrake may glance with the edge of the wa- 
ter when loaded. There are two ftrakes of wales, and one ftrake between 
them of 1 5 inches broad each. The range of the deck mould be confi- 
dered in placing the wales, fo that the fcuppers may be in the ftrake. 
betwixt the wales. The like caution muft be ufed for the channel wales 
as may be feen in the plate, where they are all laid down, together with 
the fheerand drift rails ; the rails, cheeks, and knee of the head are like- 
wife laid down in the plate, and being for an ornament to the (hip, are 
left to the fancy and tafte of the builder. Though the knee may help a 
fhip to hold a good wind, the fore part of it is generally one twelfth 
part of the length before the ft em. 
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CHA P. IV. 

To lay down the Frames upon the Plane of Projeblion. 

HAVING thus explained all that is neceflary to be delineated 
upon the plane of elevation, the next thing to be determined is 
the different breadths of the -(hip at any afligned points of the length, 
whereby we (hall gain the forms of all the planes that are made by lec- 
tions, perpendicular to the load-water line. The timbers that compole 
the body of a (hip arc fuppofed to have their planes in that pofition, and 
may be all delineated upon the plane of theproje&ion ; but as both fides 
of a (hip are exactly* the fame, it will fuffice to lay down th£half of each, 
thofe of the fore-body on the right, and thofe of the after-body on the left 
hand. And whereas thefe planes diminifli afore and aft, the planes of all 
the frames may be ah 1 delineated upon the plane of the midfliip one, 
which may be called the mafter-frame. The firft thing then neceflary 
to be known, is how to form this frame. 

The mid-fhip frame is that which is at the broadeft part of the (hip. 
The builders differ about the form of this frame, but there are feverai 
preliminary operations which are neceflary to be oblerved in all the dif- 
ferent methods ufed in forming it. 

Preliminary Operations for forming the Mid/hip Frame. 

Plate m, 'Fig. I. and II.] jft. Draw the line AB to reprefent the upper fide 
of the keel ; it muft be at leaft as long as the (hip is broad. This line our 
author calls the line of aculement, becaufe upon it the aculement of the 
midfhip floor timber terminates. 

2dly, Draw the line C D parallel and equal to A B, fo that A C and 
B D may be equal to the rifing of the midfhip floor timber. This line 
may be called the rifing line, becaufe it limits the height of the ends of 
the midfliip floor timber above the keel. 

3dly, Draw the line G H, for the height of the lower deck, parallel to 
the former ; and below this, draw a line to reprefent the load- water line, 
taking its di (lance below the deck line from the plane of elevation at the 
midfhip frame. Draw alfo the lines IK and LM, the one for the fe- 
•cond deck, and the other for the (heer rail or top of the fide in midfhips. 
The height of both are to be taken from the plane of elevation. 

4 thiy, 
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4thly, Draw the line N O perpendicular to A B ; this is called the 
middle line, and rcprefents the middle line of the ftem and port, dividing 
the whole mipinto two equal parts; and parallel to N O draw the lines 
A L and BM, to limit the breadth j alfo a line for half the thicknefs of 
the ftem, and one for half the thicknefs of the poft. Draw the lines zx 
parallel to N O, dividing the lines O A and O B into two equal parts. 
Draw alfo the diagonal G B. Thcfe lines being drawn, we may proceed 
to form the midfhip frame by fome of the following methods. 

METHOD I. 

To form a Midfhip Frame, that Jhall be neither tcojkarp nor too fiat. 

PlauUl. Fig l] if\ t Divide the line ax, which, marks the head of the 
floor timber into three equal parts j fet off one from a to h, 

2d, Divide^ the line dB, the diftance betwixt the load- water line and 
the'upper fide of the keel, into feven equal parts ; fet off one of thelo 
from A to e, and from <? to m, and draw trie diagonal aV, which divide 
into^two equal parts in the point n. Note, the diaguiaf, a t V, is -wiped 
out, after finding the point n. 

3d. Defcribc an arch of a circle to pais through the points 6 and e ; 
make the radius the w.hole length and half the length of the line. B e y fo 
the center A may be found by defcribing^an arch with that radius from A. 
and one from h to interfeel: one another in A, wc (hall only make ufe of 
that part of this arch betwixt / and Now* to find the other arches 
m d, la, an, n V, it muft be obferved, that, in order to reconcile two 
arches, fo as to mal^e a> fair curve, a ftrait line muft pafs through the cer^ 
ters of both, and through the points where they unite or touch one ano- 
ther ; draw therefore the linqs Am and A /, fo (hall 4 be the center of 4 
the arch m d, and 0 the center of the arch / a. Again, through the center 
©draw the line a 0, produce it to P, which will be the center of the arch 
an. Laftly, from Pthro' n draw the line P s t s will be the center of the 
inverted, arch n V. Note, the center s will be without the Plate. 

4th. To form the top timber, fet back the tenth part of the half breadth, 
frorrV K to S, upon the line of the ff cond deck ; defcribe an arch of a 
circle triro' the points d and S, taking t of the whole breadth for the ra- 
dius : Again, from the point M, upon t^e. ljne \, M, fet back the fifth part 
of the whole breadth to /. Defcribe an arch of a circle thro' the points 
S and /, taking the diagonal G B for the radius. As this arch is inverted 
in refped of the arch dS, the center will bq without the figure. This 
compleats the form of half the rai4A»ip frame, apd by the fame operations 
we may find the other half. 

It muft be obferv;d, that there is no regard had to the round of the 
beam in fetting off the dede line or depth of the hold. M E- 
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METHOD II. 

To defcribe a Midjhip Frame of a circular Floor. 

Plate III. Fig. II ] From the center G, the point where the middle line 
interfects the deck line, making the half breadth the radius; defcribe the 
arch b, G, c y O : Let d be the head of the floor timber, and d x the rifing. 
Aflbme the point f according to what round you propofe to give to the 
fecond futtock, and defcribe the arch df- t the center may be found as di- 
rected in the preceding method. Divide the arch c O into three equal 
parts j fet off one from c to g, and from the center b y defcribe the arch 
d g ; there remains only the inverted arch g Y to be defcribed j the center 
may be found as before directed. 

METHOD III. 

To draw a Mid/hip Frame which Jhall be full. 

- 

Plan 1H. Fig. III. J jft. Draw the rifing and deck lines as before ; let bx 
be the rifing. 

2d. Make db the fide of the fquare dbac equal to Cb the * of the 
breadth. 

3d. Infcribe the two quadrants c e b 9 and cfb> into the fquare. 

4th. Divide the fide c a into a certain number of equal parts in the 
points O, N, M, L a j draw the lines / L, bM, &c. perpendicular to a r> 

5. Divide the line CG, the depth of the hold, after deducting the ri- 
fing, into the fame number of equal parts in the points E, F, I, K, and 
make the lines E F q> I r, K s, in the frame, equal to the lines O /, 
N n, M e, L m in the fquare, defcribe a curve through the points G t p, q t 
r, /, b t and the remaining part of the frame may be defcribed by the pre- 
ceding methods. 

METHOD IV. 

To defcribe a Midjhip Frame for a very Jharp Ship. 

PlattVU. Fig. IV.] Let the length of the floor timber be half tne breadth 
as before, and the rifing one fifth or one fixth of the whole length of the 
floor timber j lay this off from * to E, and defcribe a parabola through 
the points G, P, Q, E, of which the point G is the vertex, and G C the 
axis. This method is extracted from M. Bouguer, TJie parabola may 
be formed by the following method : 1. Through the point E draw the 
line T x perpendicular to G C, and the line dE perpendicular to A G, and 

produce 
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produce the line C G to D. 2dly, Upon the line C D find the center of 
a femicircle that (hall pafs through the points T, d t and D, fo (hall G D be 
the parameter of the parabola, by which we may find any number of 
points through which the curve mud pafs : For inftancc, fuppofe Ir were 
required- to find a point in the perpendicular X P, through which the 
curve mud pafs ;. upon the line G.D find the center of a femicircle which- 
(hall pafs through the points Dand X; this will intcrfeel: the line AG in 
b, mike b P equal and parallel to G. X, fo (hall P be the point required ;. 
in dike manner, the points aQf m:\y be found. The remainder of the 
curve from £ . to y will be compoled of two arches, the one to reconcile 
with the parabola in. the point E, and the other inverted to pafs through, 
the pointy ; the center, of, which may be found by. any of the preceding, 
methods. In order to find the center of that which joins with the para- 
bola, make T R equal to half the parameter G D, and draw the line E R, 
upon which find a point S- for the center of the arch. 

We might (hew a great many more methods of defcribing this midfliip- 
frame. It is very true, that great care ought to be had in forming this 
frame, becaufe upon it chiefly depends the form-of all the other timbers ; 
I fay chiefly, but not altogether j for two (hips may be fimilar as to thein 
midlhip frames, and yet very different afore and abaft; and though the 
artifts (hould make themfelves acquainted with all the different ways o£ 
forming this frame, I (hould recommend that method to them which is- 
the fimpleft, and which gives them the moft liberty to vary the form of. 
it, according to every one's particular tafte or fancy ;. and it is very pofli- 
ble there may be feveral other methods as eafy and plain as thofe we have 
defcribed. This frame being once formed, we may form all the red upotr 
the fame plane. We (hall, in the next place, (hew the different-methods 
ufed by the builders for that purpofe. 

The ancient builders, not being acquainted with the methods of laying 
down their defigns in a draught, found out a mechanic way of doing this f 
only by help of the midfhip frame, which they might have formed by 
fomeof the preceding methods, or any other contrivance of their own;, 
and though this method is defective in feveral points* yet as if is an ing&~ 
nious contrivance, we (hall give it a place here. 

METHOD I. 

Of forming the Timbers by a Mould made to tbe Mid/hip Frame ; a rlfing. 

Staff and cuercajf Staff. 
Plau III. Fig. VII.] Having fowned the midfhip frame, and fet off itfl 
fcantKngs, make a mould to fit both outfide and infide, which may be 
called the bend mould. ad. 



Digitized by Google 



s 



Chap. IV. Of the Plane of Projection'. 2 $ 

2d. Draw the line Z x to limit the head of the flooc timber at d ; let d u 
be the rifing, and draw the line a u ; let / be the height of the rifing line 
abaft, and draw the line d t to reprcfent the floor heads, or floor ribband. 
Set off d x from d to H ; and from r, the head of the firft futtock, to 6> 
and divide each in fix equal parts, being the number of frames from 
midfliips to the balance frame. 

3d. Divide the line a u into five equal parts, and fet off two of them 
from a to S j divide the line a S into the lame proportion, that the part 
A 6 of the bafe A C of the right angled triangle (Fig. 5,) is divided into,, 
and transfer thefe divilions to the bend mould, and let them be numbered 
o, 1,2, 3., 4, 5, 6, which points will give the narrowing of the floor, as 
we fliall lhew, after conflructing the triangle. We mail only remark, 
that the line a S, which is 4 of a u, is nearly the difference betwixt half 
the length of the midfhip floor timber, and half the length of the floor 
timber at the balance frame. But as this appears to be too much, we may 
take « as in • the figure, or any other quantity which fliall be thought 
moft convenient. 

To conftruft the Triangle, Fig. 5. 

Upon the line A C, drawn at pleafure, fet off any diftance from A to \ r 
and double that diftance from 1 to 2, treble from 2 to 3, and fo on in 
the fame progreffion till we have as many divifians on the line A C as 
we propofe to have frames abaft the midlhip. Erecl a perpendicular at 
A, which may be produced at pleafure, and from any point B draw lines 
to all the divifions of the bafe A C. Obferve, that though in the triangle 
we have drawn a line for every frame to the falhion piece, we (hall only 
make ufe of fix, there being fo many to the balance frame. The triangle 
being thus conftru&ed,. apply the line a S to it, in fuch a manner, that it 
may be parallel to A C, and be contained betwixt the lines B A and B 6, 
the lines drawn from the point B to the points 1, 2, Gfc. will divide it 
into the requited proportion. ^ 

To cmftruei the Rifing Staff, Fig. c. 

This ftaffK L may be of the fame breadth with the keel, and a little 
longer than at, the height of the rifing of the floor. In order to graduate 
that ftaff, fet off x u, the rifing of the midfliip floor from K to 0, and 
make 0 L equal to a t ; apply the line 0 L to the triangle, fo that it may 
be parallel to the bafe, and contained betwixt the lines A B and B C the 

E lines 
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lines from the point B to the feveral points in the bafe will divide it into 
the required proportion, which will give the riling of the floor. 

Note, Our author calls x u the acculement, and u d the rifing j the line 
u a will pajs through the point where the inverted arch joins the floor fweep. 

To conflruSl the over cafl Staff, Fig. 5. 

That we may have a clear under/landing of what is meant by over* 
cafl, it will be proper to obferve, that in forming the frames by the bend 
mould, when it is fet to the narrowing of the floor, the head of the 
mould will come too for in at the deck ; the mould muft therefore be 
moved round upon the point which reprefents the floor ribband, till the 
head goes out to the proper breadth j this will occafion the lower part of 
the mould to rife a certain quantity, which is called the over-caft. In or- 
der to graduate this ftaff we muft determine the difference betwixt the 
main breadth at the midfhip frame, and at the balance frame, which fup- 
pofe DF, let this be placed parallel to the bale, and contained betwixt 
the line B A and B 6 ; fo mall the lines B 6, B 5, fcfr. divide it into the 
required proportion. 

Thefc are the inftruments that are neceflary for forming the after 
frames, thofe for the fore part are conftru&ed in the fame manner, only 
the graduations for thefe are but half the graduations of the former, for 
which reafon there muft be another bend mould graduated for the 
forebody. 

Now, in order to form the frames by thefe inftruments, place the bend 
mould upon the rifing ftaff in fuch a mamier that the middle line of the 
ftaff produced may pais through the narrowing of the floor upon the 
bend mould, exprefTed by the divilion correfponding to the frame to be 
formed ; fuppofe frame 6, (Fig. 7.) the lower or ftrait part of it 
exprefTed by the dotted line in the figure being applied to the ri- 
fing ftaff, till the middle Une B a pafs through the divifion 6 on the bend 
mould : mark by the edge of the rifigg ftaff the point 6, which exprcflcs 
the rifing of the floor at. that frame. Set up the over caft (exprefTed by 
the fpace contained betwixt the points 5 and 6 upon the over caft ftaff) 
from the lower part of the bend mould to the point 6 upon the line B a ; 
then keeping the point d immoveable, turn the bend mould upon this 
point till the lower part rife to the over caft at the point 6, upon the line 
B a t and when in tnis pofitioo we may defcribe the curve to the floor 
bead, and then invert the bend mould, and placing the point 6 (betwixt 
4 and H) to the point fet off before to exprefs the rifiug,j turn the mould 
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till the ftrait part touth the curve before defcribed, and then draw the 
lower part, which compleats the frame. 

This is the method that is ufed when they mould the timbers, and k 
may likewife be ufed to lay them down upon a draught j for if the line 
au of the bend mould (Fig. 8.) be laid upon the line AV, we may* 
when in that pofition, defcribe the midfhip frame from the point d 
to the point x. In like manner we may defcribe all the reft of the 
frames, by giving each its proper over-caft and rifing j as for inftance, 
if it were required to defcribe frame 6, take the rifing K 6 upon the 
rifing ftaff, and fet it off from the point B to the point a upon the 
line B G, and draw a line through the point a parallel to A V, upon 
which laying the bend mould in fuch a manner that the point 6, 
which exprenes the narrowing of the floor, (hall be upon the point a ; 
then will the point d be upon the point R : Set up the proper over-caft 
from a to 6,and keeping the point 1 immoveable, pufh up the bend-mould, 
which at firft was placed at the point a, till it be raifed to the point 6, which 
will throw out the point x to the proper breadth at the deck. But be- 
caufe the deck is higher at timber 6 than at the midfhip frame. Take 
the diftance betwixt e and 6, at the head of the futtock on the bend 
mould, and fet it up from x to 6, and then inverting the bend mould, fo 
that the point 6 betwixt d and H be at the point X, and the ftrait part of 
the mould touch the curve before defcribed : we may then defcribe the 
lower part to the point X, which compleats the whole frame. The tim- 
bers for the fore body may be defcribed by the fame procefs as thofe of 
the after body, only making ufe of the bend mould, rifing, and overcaft 
ftafF, graduated for that purpofc j but, as we obferved before, we cannot 
lay down any timbers by this method, but thofe betwixt the midfhip and 
ballance frame. 

The builders finding how very advantageous it would be for them to 
form all the timbers upon the plane of the projection, becaufe they could 
then at one view fee how they would compare one with another, have 
tried feveral expedients to perform this, of which I might inftance ten or 
twelve, but fhall content myfelf with explaining three, which may be 
fufficient for thofe purpofes, in order to which I fhall firft fhew another 
method of forming the midfhip frame, different from thofe we have 
fhewn before. 

PlattWl. Fig. 6. Draw the rifingdcck, and load-water lines, and fct off 
" the length of the floor timber as before. 
2d. Take one fourth of the length of the floor timber, and fet it off 
from O to d, upon which erect the perpendicular dc, and divide it intd 
two equal parts in the point e. Ez 3d, 
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3d. Defcribe an arch through the point a, the head of the floor tim- 
ber, and the point e> taking for the radius the diftance from the upper 
edge of the keel to the port-fells, or a little more or lefs, according to 
what round you propofe to the floor head. This determines the riling of the 
floor timber, ; rul with the radius Q /, half the length j of the floor timber, 
dcfcrilx tiic arch; Y, which determines the acuknient of the floor timber. 

4th. At the point/, the middle of the line A O, erect the perpendi- 
cular / m ; and at the point w, the middle of the line A /, erect the per- 
pendicular no ; erect alfo the perpendicular p q at the middle of the line 
An ; and another r s, at the middle of the line A p } and lartly, another 
/ «, at the middle of the line A r. 

5th. Take the diftance / which fet off on the line n 0 from n to r. } 
and on the line p q t from /> to g j ihen taking the diftancc from a to g t 
fet that off from p to y j again take the diftancc p y t which fct off from 
r to b, and the diftancc ba from r to F j and laftly take the diftancc r F 9 
which fet oft* from t to E, and then the diftajice E a from / to X, a curve 
pafling through the point a, z t y y F, X, T, will form the midfhip frame un- 
der water. We may then fet off" half the thicknefs of the port and ftem 
on each fide off the middle line, and form the reft of the timbers ; thofe 
for the fore body on the right, and for the after body to the left of the 
middle line. 

Plate II. 1 ^ ^° ' a y down the poft upon the plane of projection, take the 
difference of the draught of water abaft more than in mid mips, as 
marked on the plane of elevation (Fig. 2.) fet oft this from F to e t 
(Fig. 3.) and draw the line d e parallel to A B ; take alfo K F, the height 
from the plane of elevation, which fct off" from e to r, fo (hall the point r 
be the head of the poft. 

2d, To lay down the wing tranfom, take its height from the plane of 
elevation, which fet up on the plane of projection to /, and draw the line 
gf perpendicular to the middle line, fo g f reprefents the upper fide of 
the wing tranfom, without regarding the round up or the round aft. Take 
alfo the height of the rifing line upon the poft from the plane of elevation, 
which fet off from e to <5. 

3d. To form the fafhion piece ; take upon the plane of the projection 
»G the height of the load- water line, above the rifing line upon the 
poft, which fet off from n too upon the water line ; take alfo G P, the 
diftance betwixt the rifing line and lower deck, which fct off from P to 
q upon the deck line, and defcribe a circle through the points f t q, 0. There 
is a problem in geometry to find the center of this arch. Note, the point 
f may be taken further out or in, as you defign a lank or full fafhion piece. 
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Laftly, ckfcribe the arch v G ; the radius of this arch may be the main 
half breadth ; fo (hall /, q> 0, G, be the form of the faftiion-piece, which 
may be varied according to the fancy of the artift, by altering the centers. 

Having thus formed the midihip and after-frames, we mail, in the next 
place, ihew how to fpace the ribband lines, which are reprefented by the 
diagonals in the figure j but it will be proper to remark, that the ribbands 
are thin narrow planks, which are made fo, that they may eafily be bent 
to the timbers. That which is nailed to the port at the height of the rifing 
line, and to the midihip frame, at the end of the rifing of the floor timbers, 
is called the floor ribband. That which anfwers to the wing tranfom and 
to the height of the lower deck, on the rnidftiip frame, is called the breadth 
ribband ; all the reft betwixt thefe two are called intermediates. 

From the point H draw the line H G for the floor ribband, and from 
the point T draw the curve T, E, a, p for the breadth ribband, and draw 
the two intermediates betwixt them, fo that by them the curve of the 
midihip frame and fafliion piece may be divided -into three equal parts. 

Now, it is very plain, that if the ribbands had a proper form, andnail'd 
at the proper heights and pofitions, they would compofe a kind of a 
model, by which the circular form of every timber might eafily be dis- 
covered ; but as we have only the extreme points of each given, we 
cannot from thence form fuch a curve as (hall be neceflary. We muft 
therefore find a method to form lome intermediate timbers betwixt the 
midihip and after one, and thereby form the ribbands fo that they (hall 
make fair curves. There are fome preliminary operations which are ne- 
ceflary towards performing this. 

1 ft. To tonjlrutt an equilateral Triangle for the Progrejfton of the 

Frames in the After- Body. 

Piatt IV Fi I From the point M let off any diftance to 1, upon any 
a * ** * ftrait line, and from 1 to 2 treble that diftance, from 2 to 3 
five times that diftance, from 3 to 4 feven times that diftance, and proceed 
in that progrellion, increafing the fpaces betwixt the figures by equal 
differences, viz. double the diftance betwixt ,M and 1, till we have as 
many divilions lefs one as there are frames betwixt the midmip and poft, 
including that of the midihip and poft ; and becaufe there are nine frames 
the line muft confift of ten divifions, from the point M to the point E. Let 
them be numbered r, 2, 3, &c. make M E the; bale of an equilateral trian- 
gle S M E, and draw the lines S 1, S 2, &c. obferving to produce them 
all till the diftance betwixt the lines S E and S 9, upon a line parallel to 
the bafe, be at leaft equal to the diftance betwixt the frames in the, plane 

of 
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of elevation. The line S M reprefents the midfhip frame, and the line 
S E, the poft, and the nine intermediates reprefent the nine frames be- 
twixt the midfhip and poft. 

In order to give us a clear underftanding of the ufe of this triangle, it 
will be neceflary to remark, that the midfhip frame being that which in* 
clofeth the greateft fpace, and the aftermoft that which inclofeth the leaft, 
it will follow, that the intermediate frames will partake of the form of 
each, but moftly of that to which they are neareft j yet they will ftill 
retain a little of the form of each. Hence, when the intermediate frames 
are all formed, their curves will divide all the diagonals, drawn in the 
plane of projection, into as many parts as there are frames ; and all the 
methods the builders have invented ferve only to divide them into fuch a 
proportion as mall produce the faireft curves. 

Now, if the proportion pitched upon for that porpofe, be as 1,3, 5,7, 9, 
&c. then they mud all be divided into the fame proportions as the bafe 
of the triangle is divided into j and this may be performed very readily, 
only by taking the length of each diagonal from the plane of the projec- 
tion, and applying it to the triangle in fuch a manner that it (hall become 
the bafe of an equilateral triangle j as for inftance, to divide the firft in* 
termediatc diagonal, take the length of it in the plane of projection, 
(Plate II. Fig. 3.) and fet it off from the point S to m and k on the fides 
of the triangle S M and S E 5 and draw the line m k y which being parallel 
to the bafe of the triangle, will be divided into the fame proportion. 
In like manner, all the reft of the diagonals may be divided ; but as 
the builders are not agreed as to the precife form of a fhip's bottom, fome 
chufe to divide the bafe of the triangle into another proportion j others 
again, in applying the diagonals to the triangle, give them different incli- 
nations to the line M S. It would be very proper to try feveral of thefe 
methods, by which means we might difcover which would be moft con- 
venient; and after all the diagonals are divided into as many points as 
there are frames, curves pafiing through thefe points will determine the 
form of all the frames from the midfhip to the poft. It only remains to 
fhew how to end each frame upon the poft. It was before obferved, that 
the keel is not parallel to the furface oi the water, fo that it will be 
very eafy to conceive that the height of each frame, taken from the up- 
per fide of the keel, upon a perpendicular to the furface of the water, 
will always increafe, the nearer the frame is to the ftern poft. Now, 
g K is what the keel is deeper abaft than at the midfhip frame ; and to find 
how much any frame abaft exceeds that of the midfhip, fuppofe the firft j 
take the diftance betwixt the line g G and K I at that frame, from the plane 

of 
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of elevation, {Plate II.) which fet off from F towards d, (Fig. 3.) and at 
that point draw a line parallel to d e t which will be the firft frame upon the 
keel. In like manner we may draw lines parallel to de> for all the reft, as 
in the figure, which will determine their heights from the upper fide of 
the keel to the furface of the water. 

It muft be obferved, that the diagonals in the plane of the projection, 
which end on the fafhion piece, muft likewifc end on the fafhion piece on 
the plane of elevation j we muft therefore draw the fafhion piece on the 
plane of elevation. Thus, take the diftance of the point G, in the plane 
of the projection, from the upper fide of the keel, which fet off upon the 
ftern poft in the plane of elevation to the point b j through n t the rabbit of 
the wing tranfom,draw the ftrait line b M, which will reprefent the fafhion 
piece on the plane of elevation. Now, as only the lowcft diagonal ends 
upon the poft, in the plane of projection, which in the plane of elevation 
ends at b 9 fo the other diagonals that end upon the fafhion piece, muft 
likewifc end on the fafhion piece in the plane of elevation. Their 
height muft therefore be transferred from the plane of the projection 
to that of the elevation ; fo the fecond diagonal will end at the point P, 
upon the fafhion piece in the plane of elevation. In like manner all the 
xeft may be transferred to the plane of elevation j and as the line that re- 
prefents the fafhion piece upon the plane of elevation rakes aft, this will 
occafion the line P S, which is perpendicular to the line that reprefents 
frame 9, to exceed the line b M. In the triangle, the line S M reprefents 
the mid (hip frame, and the line S E the poft $ that is, if the point where 
the ribband ends on the poft, be equally diftant from frame 9, that frame 
9 is from frame 8. Now, as M b is longer than M L, we muft draw the 
Jine S D without the triangle, which is to be ufed inftead of the line S E, 
when we come to apply the diagonal H G to the triangle ; for the point 
H muft touch the line S M, and the point G the line S E. To find the 
point D, take M L from the plane of elevation, and apply it to the 
triangle, fo that BC fhall be equal to it, and parallel to M E j it muft 
alfo be contained betwixt the line S 9 and S E. Then take h M, and fet 
it off from B, which will give the point D. In like manner the line S F 
muft be ufed, when we divide the diagonal M K ; and to find the point F, 
fet off P S, in the plane of elevation, from B to F in the triangle ;*and draw 
the line S F. In the fame manner there muft be lines drawn for every 
Piatt IV P' 11 diagonal without the line S E ; fo the line S E is not ufed 
in dividing the diagonals. Let it be further obferved, that 
in applying each diagonal to the triangle, it muft not only be contained 
betwixt the line S M, and the line correfponding to the diagonal, which is 
4o be divided, but it muft likewifc form a certain angle with the line M S, 

that 
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that is, with that part of it which is intercepted betwixt the diagonal and 
the point S. Thefe which appear to me to be propereft for that pur- 
pofe are as follows : The firft diagonal to make an angle of 60 degrees ;. 
the fecond 62;, the third 68, the fourth 86, the fifth 65, the fixth 60 de- 
grees ; but the artifts vary thefe angles according to the form they defign 
to give to the timbers j nay, fome draw them always parallel to the bafe 
of the triangle. 

Our author then proceeds to the forebedy, and forms a triangle, the bafe 
of which he divides in the fame manner as that already defcribed, by which 
he divides each diagonal. He likewife J/. ews how to fpace the diagonals upon 
the flem ; but as the artifts leave us fo much undetermined as to the angles 
that each diagonal is to make with the line S M, when they are applied to 
the triangle, it will be very difficult to apply this method to practice. So 
we prefume it will be needlefs to fay any more on thai head, judging what 
has been already faid fujficient to give our readers an idea of the principles 
on which the method is grounded j we flail proceed therefore to the next me- 
thod he propofes. 

¥0 form the Timbers by a Quarter of a Circle. Plate IV. Fig. 2, 3. 

ift. Form the midfliip frame, the fafhion piece, the foremoft timber, 
alio the two balance frames, by fome of the preceding methods. Note, 
Thofe who make ufe of the following method of forming the refl of the tim- 
bers, are fuppofed to be previoujly acquainted with the manner of forming 
the midfhip frame, &c. 

2d. Space all the diagonals for the ribbands as directed in the pre- 
ceding method. 

3d. From the center A, with any radius, defcribe a quarter of a circle, 
and divide it into fo many equal parts, that there may be a point for each 
timber to be formed, and draw the radii A 1, A 2, &c. to A 9, fo we (hall 
have one for each frame. 

4th. Take a b, the firft diagonal, which fet off from the point A 
upon the line AC, to 1. 

5th. Take a c t the diftance upon the lower ribband, betwixt the poft 
and balance frame, which in the plane of projection is the 6th frame, fet 
off this diftance upon a perpendicular erected upon the line A B, to in- 
terfect the radius A 6, in fuch a manner that the perpendicular G 1 mail 
be equal to a c. 

6th. Produce the line C A to F, and upon this line find a point, which 
fhall be the center of a circle whofe circumference (hall pafs through the 
point J, before marked upon the line A C, and the point 1, now marked 
upon the radius A 6 ; defcribe the arch through thefe two points to the 
point 1 on the line A B. 7th. 
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7th. Let fall perpcndicnlars to the line A B from the points where the 
arch 1, i, 1, interfecls the feveral radii. Transfer thefe perpendiculars to 
the line a b, which will divide the lower diagonal into the points through 
which the curves of the frames muft pafs. Note, the perpendiculars are 
not drawn, to avoid confufion. 

After the fame manner all the other diagonals are graduated^ firft by- 
taking the whole length of each diagonal, and fetting them up on the 
line AC, from the point A to the points 5, 4, 3, i, 2, and fecondly, by 
taking the feveral diftances upon each diagonal intercepted betwixt the 
after frame and the balance frame, and applying them fevcrally to the ra- 
dius A 6, in fuch a manner that they (lull be contained betwixt the radius 
A 6 and the line A B, upon the perpendiculars let fall from the points 
5> 4> 3» *> 2 » And, thirdly, by defcribing arches through the points in the 
fine A C, to pafs through the points of the fame number upon the radius 
A 6, whofe centers are in the line AF; th« arches to be produced to in- 
terfect the line A B in the points 5, 4, 3, 1, 2, will interfect all the radii ; 
the perpendiculars let fall from the interferons of the radii with the arch 
correfponding to each diagonal, will divide that diagonal into the points 
through which the curves of the frames muft pafs. 

The diagonals for forming the frames in the fore body are divided into 
the points through which the curves muft pafs by the fame operations, 
only obferving that frame 4 is the ballance frame for the fore body. 

C H A P. V. 

Of the Projections on the horizontal P^nes y and of the Water 
and Ribband Lines on the Plane of Elevation, and that of 
the Projection. 

WATER Lines are defcribed upon a (hip's bottom by the fur- 
face of the watv into which fha 1 wims j that which determines 
how much is under water when (he is loaded is called the load-water line. 
Now it is plain, that if a ftiip is lightened, me will rife higher out of the 
water j and if flic be lightened fo as to rife equally afore and abaft, the 
furface of the water will then form another water-line parallel to the load- 
water-line. Again, if the fhip is lightened more, fhe will ftill rife higher ; 
and if the fame difference ftill continues betwixt the draught of water abaft 
and afore, we (ball have another water line parallel to the two former j 

P to 
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lb that by this means we may defcribe as many water lines as we plcafe, 
all parallel to one another. 

In order to form an idea how thefe lines are repreiented on the different 
planes, let us fuppofe a (hip upon the flocks upon a level ground, and her 
keel in the fame pofirion, with refpect to the horizon, that it is to be in 
the water when loaded ; we may then defence feveral black lines upon the 
{hip's bottom, which may be whitened for that purpofe, all parallel to the 
horizon : Thefe will all be water lines. 

Now, if a fpectator be removed at any confidcrabie diflance from the 
fliip upon a line in the lame direction with tlic keel, all thefe black lines, 
which were drawn upon the fliip's bottom, parallel to the horizon, and 
which arc actually curves, will appear to him all ftrait lines, becaufe he 
fees them all upon a plane formed by a fection palling through the mid- 
fliip frame perpendicular to the keel. Hence the water lines will be re- 
prefente'd by ftrait lines upon the plane of the, projection. 

Again, if a fpectator L» removed at any cwnfiucrabie diflance from ihq 
fhip upon a line perpendicular to the keel, fo aa to fee the whole length oi* 
the fliip at one view, the water lines will then appear to him ftrait lines, 
becaufe he fees them upon a plane erected perpendicular to the horizon 
upon the middle line or the keel. Hence the water lines will be repre- 
fented by ftrait lines upon the plane of elevation. 

But if the fpectator be fuppofed to be placed underneath the middle of 
the fliip, at any confidcrabie depth, in a line perpendicular to the level 
ground, he will then, viewing the fliip's bottom upwards, difcQyer the 
curvings of all the water lines. Thefe corves are all projected upon a 
plane, which we muft imagine to be formed by a fection of the fliip 
through the load- water line, and we are, now to {hew bow thefe are 
formed. 

To form the Water Lines upon the Horizontal Plane. 

Let the water lines to be formed be reprefented in the plane of the 
projection by ftrait lines, all parallel to. one another. Thefe will be re- 
relented by the ftrait lines in the plane oP elevation. Suppofe qr, st 9 
x, and T V, all parallel to one another, and the fame diflance from the 
load-water line T V that the lines which reprefent them in the plane of 
the projection are from it. In order to form thefe upon the horizontal 
plane, 

ift, Take half the thicknefs of the poft from the plane of the projec- 
tion, and lay it off on the horizontal plane from A to E, and through the 

point 
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point E draw the line E s parallel to A B, five or fix feet long ; lay or? 
the fame diftance from B to F, and thro' the point F draw a line F R pa- 
rallel to A B, five or fix feet long. 

2d. From the points where the water lines interfect the ftern port upon 
the plane of elevation, let fall perpendiculars. In like manner, let fall 
perpendiculars from the points where the water lines interfect the ftcin. 

3d. Take upon the water lines, in the plane of the projection, the fe- 
veral diftances intercepted betwixt the middle line and the curve of the 
midfliip frame, and lay them off" from the line A B in the horizontal plane, 
upon the perpendicular that reprefents the midfhip frame. Take alfo 
from the plane of projection the fevcral diftances intercepted betwixt the 
middle line and the curvings of the other frames, and lav them off in the 
horizontal plane from the line AB, upon the perpendiculars correfpond- 
ing to their refpe&ivc frames, both in the fore body and after body, and 
curves pafiing through all thefe points will give the true form of all the 
water lines ; they end forward at the points where the perpendiculars 
interfect the line F R. The water lines abaft which end upon the poft in 
the plane of elevation, will end where the perpendiculars interfcdt the 
line E s upon the horizontal plane. But the 3d and 4th water lines can- 
not end upon the poft, by reafon of the fafliion pieces; and in order to 
find the points where thefe fhall end, we muft proceed in the following 
manner. 

To find the point where the load-water line ends, let fall a perpendi- 
cular from the point k, where it interfects the fafliion piece on the plane 
of elevation, toN. Take from the plane of the projection upon the line 
that reprefents the load -water line, the diftance betwixt the fafliion piece 
and the mid-line 9 lay this off upon the horizontal plane from the line A B 
to the point N, which will end the load-watef line upon the horizontal 
plane, from whence it may be drawn tog; fo g N will be the flat of 
the Tuck ; and to find the point g, draw a line parallel to k N thro* the 
point where the line T V cuts the rabbit of the poft, which will give 
the point g. We may, after the fame manner, find the ends of the other 
water lines that do not go to the ftcrn poft for a fquare tuck. 

To form the Ribbands upm the Horizontal Plane. 

Wc obferved before, that the ribbands where thin planks nailed to all 
the frames from the poft to the ftem ; and that when they are carried 
round, fo as to make fair curves the form of a!l the filling timbers may 
be by thcra determined. Thefe tilling timbers are to be placed betwixt 

I 2' . the 
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the frames, which were methodically laid down in the draught. We (hall 
here further obiervc, that thefe ribbands will round two ways, one in a 
vertical, and one in an horizontal fenfe, occafioncd by the nature of the form 
of the (hip's body j for they will, in carrying them about, naturally fly 
higher abaft and before than they are in midfhips, which gives them a 
vertical curve, and the narrowing of the (hip's breadth from the midfliips 
both ways, gives them the horizontal curve j thence they will be repre- 
fented by different lines on all the planes. 

They are reprefented upon the plane of the projection by ftreight lines, 
all but the breadth ribband, which is ufually reprefented by a curve } but 
upon the plane of elevation, and that of the horizon, they will be repre- 
fented by curves. The reafon of thefe different appearances arifes from 
the different fituations in which they are fuppofed to be viewed, as was 
obferved in refpect of the water lines. 

Now, in order to comprehend the relation betwixt thefe horizontal 
curves, and the lines that reprefent them upon the plane of the projection, 
it will be fufficient to remark, that thefe horizontal curves refult from the 
different lengths of the perpendiculars that are fuppofed to be drawn in 
the plane of the projection, from the points where the lines that reprefent 
the ribbands interfect the frames, to the middle line. Hence, if the 
lengths of thefe perpendiculars are transferred to the lines correfponding to 
each frame in the horizontal plane, we (hall have the points thro' which 
the curve that forms the ribband muft pafs. 

But if thefe ribbands are to be reprefented upon a plane placed in an 
oblique pofition to the horizon, that is to fay, a plane that has the (lime 
inclination to another plane eredted perpendicularly upon the middle line 
of the keel, that th» line that reprefents that ribband, has to the middle 
line in the plane of the projection ; in that cafe, they will have a quite 
different form from what they have upon the plane of the horizon. 

Now, to conceive the relation betwixt thefe and the Ikies that reprefent 
them upon the plane of the projection, it will be fufficient to remark, that 
if the fcveral diftances taken upon each diagonal intercepted betwixt the 
middle line and the points where thefe diagonals interfect the curves of 
the timbers in the plane of the projection \ I fay, if thefe be transferred 
to the lines that reprefent thofc timbers, we mall have the points thro* 
which the curves that form the ribbands muft pafs. 

Again, if thefe ribbands are to be reprefented upon the plane of eleva- 
tion, they will have a different form from any of the former j to find 
which, we need only take the perpendicular diftances from the points 
where the diagonals interfect the curves of the timbers in the plane 
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of the projection to the line that reprefents the upper fide of the keel, 
and transfer them to the plane of elevation, fetting them up from the up- 
per fide of the keel upon the line correfponding to the timber, from 
which they were taken upon the plane of the projection. This will give 
US the points thro' which their curves muft pafs. 

Having thus given a general defcription of thefe curves, we fhall now 
proceed to defenbe them upon the different planes. 

To defenbe the Floor Ribband upon the Plane of Elevation. 

j ft. Take the perpendicular diftance betwixt the point a, where the 
diagonal interfecls frame 9, and the lower water line in the plane of the 
projection. 

2d. Set up this diftance from the point S, where the lower water line 
interlects frame 9 in the plane of elevation, and we fhall have a point G, 
thro' which the curve muft pafs. 

Now, it is plain, that we may, by repeating the fame operations, have 
a point in each frame, thro' which the curve of the ribband muft pafs 
upon the plane of elevation. After the fame manner are all the other 
ribbands formed. 

To defcribe the Ribbands upon the Horizontal Plane. 

The breadth ribband is formed by transferring the lengths of all the 
perpendicuars that are fuppofed to be drawn from the points where the 
curve that reprefents this ribband interfects the timbers, to the middle line 
in the plane of the projection : This curve, in the plane of the projection, 
is drawn from the breadth in midfhips to the extremity of the wing 
tranfom. 

1 ft. Lay off the length of the wing tranfom upon the perpendicular N L. 

2d. Take the length of the perpendicular drawn, from the point 
where the curve that reprefents the breadth interfects frame 9, to the 
mid-line in the plane of the projection j lay off this from the line A B 
upon the perpendicular representing frame 9 in the horizontal plane, to 
the point S, which will be one of the points thro* which the curve of the 
ribband muft pais. We may proceed in the fame manner to find points 
upon all the perpendiculars, both afore and abaft, fo fhall the curve 
L, S, Q, 1, be the form of the breadth ribband. But to complcat this 
ribband, the round aft of the wing tranfom muft be fet off. 

Si 
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To form the Oblique or Cant Ribbands. 

We obferved before, that thefe ribbands could not be formed either 
upon the horizontal plane or that of elevation, upon which account they 
were feldom drawn, becaufe each muft be drawn upon a feparate plane. 
However, thofe who incline to draw them may ufc the following method : 

Let it then be required to form the fir ft ribband rcprcfentcd in the 
plane of the projection, by the diagonal H G. 

lft. Produce line H G to the point p in the middle line upon the 
plane of the projection. 

2d. Take the height of the point p above the line that reprefents the 
upper fide of the keel in midlhips, in the plane of the projection j fct up 
this from the fame line in the plane of elevation, on a perpendicular, upon 
the poft, from which point let fall a perpendicular to tlic point F in the 
line C D, and produce all the perpendiculars that reprefent the frames to 
the line CD} fo F Q^will be the axis of the ribband from the port to 
the midfliips. , 

3d. Take upon the plane of the projection, in the line H p, the diftance 
p G, which fet oft upon the perpendicular from the point F tof. 

4th. Take the diftance on the diagonal from the point p in the middle 
line to its intcrfection with the frame 9. Set off this from the line C D 
upon the perpendicular correfponding to frame 9 ; this will give us a 
point thro' which the curve muft pafs. Do the fame for all the other 
frames to the midfhip. 

In like manner the curve for the fore part of the ribband is formed 
from the intcrfections of the diagonal 4, 5, with the curves of the frames 
in the plane of the projection ; but it is evident, this is a different plane 
from that of the line H p; therefore wc muft have a different axis for 
the curve of the fore part of the ribband. In order to which, take from 
the plane of the projection the diagonal 4, 5 ; fet off this from the point 
O to Z, and draw the line Z X parallel to C D. Wc muft likcwifc 
take the height of the point 4 in the plane of the projection, and fet it up 
o n the ftcm ; from which point letting fill a perpendicular to the line Z X, 
we fhall limit the fore end of the ribband. The points thro' which the 
curve muft pafs will be found the lame manner as thofe for the 
after- body. 

The builders make ufe of the cant ribbands to find the bevellings of 
the timbers - } for wemuft reprefent each frame as one intirc piece of cir- 
cular timber, and being all faftened to the keel they form the fide of the 
(hip. They arc fquare upon the upper fide of the keel j but becaule 

both 
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both the out fide and infide of the (hip's fides, length-ways, form curves, 
it is plain, that the fedlions of any of the frames, the midlnip only except- 
ed, will produce a furface in the form of a lozenge or rhombus ; the an- 
gles which are formed by theie fc&ions are what are called the bevellings 
of the timbers. 

The fhip-wrights take thefe angles mechanically by an inftrument cal- 
led a bevef ; thusthey draw, upon the plane of the ribband, a line parallel 
to that which reprefents the frame, and diftant from it the whole breadth 
of the timber ; and applying the ftock of the bevel to the line that re- 
prefents the frame, and the tongue to the ribband, tbey have the quantity 
of the angle which <brms the bevelling of the timer at that place. 

It is plain the angle 6, a t c, which points to the midftnp frame, will b« 
obtufe, whereas the angle b, a, d> which points to the port, will be acute. 

Now, as every timber has two planes, that which points to the mid- 
flnps will have what they call a ftanding bevelling, and that which points 
cither to the port or ftem will be under bevelling. 

We mall rfiew in another place how the modern builders, by putting 
the frames in an oblique pofition to the keel afore and abaft, lefien the 
bevellings. 

C H A P. VI. 

Another Method of laying down the Horizontal Tlane> and 

the Plane of Projetlion. 

. 

THOSE who are well verfed in the art of drawing have taken a 
method quite different from any of thofe we have defcribed, which 
mall be the fubjecT: of this chapter. 

After forming the plane of elevation, and drawing all the perpendiculars 
for the frames, as before, the following method muft be obferved : 

I. 

To lay down the Breadth Ribband on the Horizontal Plane. 
The extremities of it on the ftem and poft, and the point thro' which 
it is to pafs on the midfhip frame are found as directed in the preceedinc: 
chapter. It remains now to find the points in the balance frames, thro* 
which it is to pafs. 

To find the point in the fore balance frame take I I I parts of half the 

main 
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main breadth, which let oft* on the line that reprefents that frame in the 
horizontal plane from K to L. 

To find the point in the balance frame abaft, take \ *A parts of the half 
of the main breadth from M to N. It will be neceffary to have another 
point in the fore body, thro' which the curve muft pafs } for which pur- 
pofe ufe the following method : 

Divide the fpace contained betwixt the line that reprefents trie balance 
frame afore and the rabbit of the ftem, into two equal parts, and draw the 
line op, on which fet off the 160th part of the main breadth, which 
will give the point p y thro' which the curve is to pais. It muft be ob- 
ferved, that the proportions for finding thefe points may be varied accord- 
ing to the form we propofe to give to the ribband. After the points 
H, N, Q., L, p, s are thus fet off we may defcribe the curve either by 
moulds or penning battens. 

II. 

To lay down the Floor Ribband on the Horizontal Plane. 
i ft. The height of this ribband muft be determined both upon the 
poft and ftem, Trom which points letting fall perpendiculars, we (hall have 
the extremities of it on the horizontal plane, obferving to allow for 
the rabbit. 

2d. Take half the length of the midftiip floor timber, and fet off on 
the line that reprefents the midfhip frame on the horizontal plane from a 
to s t which will be the point thro* which the curve muft pafs. 

3d. Take 444 of the line a j, the breadth at the midfhip frame, and fet 
it off on the balance timber afore, from K to T, and fet off -i *4 of the 
fame line, upon the balance timber abaft to V, and draw the curve thro* 
the points G, V, S, T, R. 

III. 

To lay down the after Balance Timber upon the Plane of Projeelion. 

1 ft. Produce the line which reprefents it on the horizontal plane to 
the fheer rail, on the plane of elevation, and take the diftance upon this 
line betwixt the upper fide of the keel, and the lower edge of the fecond 
wale, which here reprefents the breadth ribband ; fet up this from A to C 
on the plane of the projection, from which point draw the line C D, 
perpendicular to the middle line. (Plate II. Fig. 1, 2, 3.) 

2d, Take the line MN in the horizontal plane, and fet off from D 
to E, which will give one point, through which the curve of the timber 
muft pafs. 

3d. Take 
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3d, Take the height of the floor ribband, in the plane of elevation, and 
fet it up on the plane of the projection to G ^ from the point H, at the 
end of the floor timber, draw the line H G, which will reprefent the floor 
ribband on the plane of the projection. (Plate II. Fig. 1. 2. 3.) 

4th, Take the diftance M V, in the horizontal plane, with a pair of 
compafles, and move the compafles with one foot, in the middle line, 
and the other, in a line perpendicular to it, till it interfect the diagonal in 
the point L, thro* which the curve of the frame muft pafs. To thofe 
who are acquainted with drawing, the three points E, L, F, will be fuf- 
fkient to form the timber j they who incline to have another point may 
divide the line A C into two equal parts by a perpendicular M K, drawn to 
the middle line, from which fetting ofF 4 l-l of the line M K 4 we mail have 
another point thro* which the curve muft pafs. 

IV. . 

To lay down the ninth Frame abaft on the Plane of the Proje&ton. 

Take the height of the breadth ribband at this frame, in the plane of 
elevation, and fet it up on the plane of the projection from F to O, and 
draw the line O P perpendicular to the middle line. (Plate II. Fig. 1. 2. 3.) 

2d, Take the diftance X S in the horizontal plane, and fet off from O 
to P, which will be the point thro' which the curve muft pafs. 

3d, Take the diftance X Z in the horizontal plane, which fet off from 
the middle line, to interfect the diagonal that reprcfents the floor ribband, 
in the plane of projection in Q, obferving to keep the compafles as before 
directed. 

4th, Divide the line K O in two equal parts, a.nd draw the line R S 
perpendicular to the middle line, ou which fet off l A-t- of the line P O, 
from R to S, and draw the curve thro' the points P, S, Q, F, which will 
be the form of the ninth frame. 

V. 

To lay down the intermediate Ribbands abajt on the Plane of the Proje&ion. 

1 ft, Take the diftance betwixt the upper fide of the keel arid the 
breadth, upon the line that reprcfents the midfhip frame, in the plane of 
elevation, and fet it up from A to T, and from B to T, in the plane of 
the projection, fo (hall the line T T give the height of the breadth ribband 
in midftiips. 

2d, Divide the curve H M T into as many equal parts as there are to 
be intermediate Ribbands ; divide alfo the curve of the ninth frame Qj> P 
into the fame number, and, thro' thefe divifions, draw the diagonals 
which will reprefent the ribbands as in the plate. 

G VI. To 
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VI, 

To lay down the firfl intermediate Ribband upon the Horizontal Plane, 

ift, Take the neareft diftance of the point V (which is the extremity 
of the diagonal in the plane of the projection) to the middle line OF, 
fet off this on the line which represents the midfliip frame in the hori- 
zontal plane, which will give the point thro* which the curve muft pafs 
at that place. After the fame manner we may find the points in the lines 
that reprefent the balance and ninth frames in the horizontal plane. 

2d, Take F Z, the height of the ribband upon the rabbit of the poft, 
in the plane of the projection, and fet it up on a perpendicular, to the 
point k, on the line that reprefents the rabbit of the poft in the plane of 
ekvation j take the neareft diftance of the point k to the perpendicular 
of the poft, which fet off from F to e, and this will be the end of the 
ribband : So a curve pafling thro' the points e> d, r, b> will be the form 
of the ribband. 

VII. 

To lay down the Wing Tranfom upon the Plane of the Projeflion, and on 

the Horizontal Plane. 

lft, Take the height of the upper fide of the wing tranfom (including 
the round up) in the plane of elevation, and fet it up in the plane of the 
projection to the point e. 

2d, Take the neight in the plane of elevation, without regarding the 
round up, and fet off from F to /, and draw the line J g perpendicular 
to the middle line, on which fet off the length of the tranfom from f 
to g, this is equal to the line G H in the horizontal plane. The curve 
g e reprefents the upper fide of the wing tranfom. 

The round aft of the tranfom is reprefented upon the horizontal plane 
by the curve L k e j H L is the fquare end of it. 

i 

VIII. 

To lay down all the Frames in the after Body. 

All thefe are laid down in the fame manner as the ninth and balance 
frames before defcribed, that is, by taking the half breadth of the rib- 
bands at each frame in the horizontal plane, and fetting them off from 
the middle line in the plane of the projection to interfect the diagonal cor- 
refponding to the ribband, as directed in forming the balance frame, by 
this means we mall divide each into as many points as there are frames : 
The curves drawn thro* thefe points will give the form of all the frames 
in the after body. 

IX. To 
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IX. 

To lay down the Pofition of the Fajhion Piece on the Horizontal Plane. 

Let fall the perpendicular G H, from the end of the wing tranfom, 
and draw the line H /, which will reprefent the plane of the fafhion piece 
upon the horizontal plane, obferving to make the angle G H /, about 25 
degrees. 

X. 

To form the Fafhion Piece in the fame manner it is to be, when put into its 

proper place in the Ship. 

The fafhion piece laid down in the plane of the projection, regards 
that frame as it would appear when viewed from abaft j but as the fafhion 
pieces on each fide are not in one plane, as all the reft of the frames are, 
we fhall be much deceived, if we imagine that the fafhion piece laid 
down in the plain of projection, will give the true form of that which 
is to be put in the fhip. We muft therefore lay it down upon another 
plane, and, to avoid confufion, we fhall feparate it from the plane of pro- 
jection. 

Note, The fajhion peice, mention' J by our author \ defcrihed in the plane 
of the projection, is that betwixt the ninth frame, and the curve f q o G, 
which reprejents the fajhion piece of a fquarc tuck ) it is formed in the fame 
manner as the refl of the frames, by tranf erring the lines n m, p o, &c. in 
the horizontal plane, to the plane of projection, to interject the diagonals co- 
ref ponding to tbefe ribbands in the points i, 1, &c : 

1 ft, Draw the line j G, to reprefent the middle line of the plane of 
projection. {Fig. 4.) 

2d, Draw the line f g perpendicular to G f, to reprefent the wing 
tranfom. 

3d, From /, the point where the fafhion piece interfects the floor rib- 
band in the plane of the projection, take the neareft diftancc to the line 
/ g, which reprefents the wing tranfom, and fct off this diftancc in Fig. 4. 
from f to h, and draw the line h I parallel to fg. 

4th, From the point /, where the fafhion piece interfects the firft in- 
termediate diagonal, in the plane of projection, take the neareft diftancc to 
the line / g, fet it off from J to k, in Fig. 4, and draw the line k m, paral- 
lel to fg. 

5th, In like manner, the points where the fafhion p'ece interfedts the 
•iecond and third diagonals in the plane of projection, are to be transferr'd 
to the points q and n t Fig. 4, and the lines p q, no, drawn parallel 
to fg. G 2 6th, 
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6th, To find the points through which the curve muft pafs: Take 
the line /II, which reprcfents the petition of the faihion piece upon the. 
boiizontul plane ; lay this off from f tog: Again, take the diftance-Av in 
the horizontal plane ; which lay off from q to f> t in like manner let .off 
the dtftance / z, from n to o j and the difiancc //> from k to w, and lalUy, 
the difiancc ///, from h to / j fo a curve drawn through the points g f p y o % 
m x t, will give the true form of the fafliion piece. 

XI. 

To by t'cuin the FaJJ.ion Piece upon the Plane of Elevation. 

i ft, Take the feveral heights above the keel, of the points where the 
fifhion piece interfects the diagonals in the plane of projection, and trans- 
fer them to the lines 0, /», 7, a, y t in the plane of elevation, drawn paral- 
lel to the keel, and the lame height above it, that their correfponding 
points are in the plane of projection. 

2d, Take the neareft diftance of the point n y in the horizontal plane, 
to the line CF, the perpendicular from the head of the poft, fet off this 
from the fame line in the plane of elevation upon the line p j which will 
be the point through which the curve muft pal's. 

3d, In like manner the points z> y y muft be transferr'd from the 
horizontal plane, to the plane of elevation in the points z f y y a curve 
palling through thefc points will be the projection of the fafhion piece 
on the plane of elevation. 

We Ihall hear remark, that fome builders to avoid giving a great be- 
velling to the timbers, and likewife that they may not require fuch conv- 
pafs timber, do change the direction of all the frames in the fore-body 
before that of the loot- that is, the lines that reprefent them in the hori- 
zontal plane make an acute angle with the line that reprefents the keel j 
thefc arc called cant timbers, and may be formed in the fame manner as 
the falhion piece, which we have now defcribed. Tho' feveral builders 
form all the frames perpendicular to the keel, to have the floor timbers in 
one piece, which will he much ftronger that when in two pieces, a/id 
this will inevitably be the cafe when the timbers are canted. 

We might here mew how to lay down the top timbers, but as that part 
under water is the moft material, we (hall proceed to form the timbers 
afore. 

XII. 

To lay down the Frames for the Fore-body. 

The balance and the eighth frame muft firft be formed in the lame 
manner as the balance and ninth frame abaft : In order towhich the curve 

that 
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tint repreftnts the breadth ribband mart be laid down in the pTaneof the 
projection afore. The diagonal, which reprefents the floor ribband, mud 
like wife be laid down in the plane of the projtftion, for which purpofc 
we muft tAe the height of the ribband above the keel, upon the rabbit of 
the ftem, and fet it upon the line that reprefents the rabbit of the poft in 
the plane of the projection, to the point 4 ; from which draw a line to 
the floor head, fo 4 5 will reprefent the floor ribband. 

XIII. 

To fpace the Diagonals that reprefent the Ribbands afore , in the Plane 

of the Projection. 

ift. As the points of their interjection at the midfhip frame are the 
fame afore that they are abaft, we need only transfer them from abaft to 
ihe fore body. 

2d. Take the height of the breadth ribband upon the ftem, in the 
plane of elevation, and fet it up from F to 17 in the plane of projection. 

3d. Divide thediftance betwixt 4 and 17 into four equal parts, which 
will give the points in the plane of projection, where the immediate dia- 
gonals end on the ftem. 

After the diagonals are drawn in the plane of the projection, the rib- 
bands may be laid down in the horizontal plane, and from thence all the 
other frames may be laid down in the plane of projection, in the very 
lame manner that the horizontal ribbands and the frames for the after- 
body were laid down. 
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CHAP. VII. 

General Remarks on Ship Building. 

AL L the rules we have hitherto laid down, collected from the prin- 
cipal dimcnfions of fhips built by the tnoft eminent matters, mould 
only be fo far regarded as they may aflifl the artifl, in forming the body 
in fuch a manner as to produce effects anfwerable to the lervicc for which 
the veflel is defigned. 

In order to qualify a builder for fuch an undertaking,' it is necefTary he 
mould underftand the nature of fluids, and of fuch bodies as will float in 
the water j when he has made himfclf acquainted with thefe, I would 
recommend him to M. Bouguer's treatife on (hip-building. 

• 

The principal Qualities belonging to Ships. 

i ft. To be able to carry a good (ail, not only becaufe, in forming the 
body, the water lines are all fuppofed to be defcribed when a (hip is up- 
right in the water, but likewife for doubling a cape, or getting off a 
lee more, which will be impoflible to be done when a (hip lies over in 
the water, this will likewife render her lower tier, if not all her gunt, 
ufelefs. 

2d. A (hip mould fleer well, and feel the lead motion of the helm. 

3d. A (hip mould carry her lower tier of guns four feet and a half, or 
five feet out of the water, otherwife a great (hip, that cannot open her 
ports upon a wind, but in fmoqth water, may be taken by a fmall one, 
that can make ufe of her guns, or (he muft bare away before the wind, 
to have the ufe of her guns; on which account it will be proper to raife 
the ports higher before than in midmips, becaufe the fore part of the 
fliip is often pre (Ted into the water by carrying fail. 

4th. A fhip mould be duly poifed, fo as not to dive or pitch hard, but 
go fmooth and eafy through the water, rifing to the fea when it runs high, 
and the (hip under her courfes, or lying to under a mainfail, otherwife 
ihc- will be in danger of carrying away her marts. 

' 5th. A fhip mould fail well before the wind, large, but chiefly clofe 
hawled, keep a good wind, not fall off to the leeward. 

Now the great difficulty confifts in uniting fo many different qualities 
in one fhip, which fecms indeed to be impoflible ; the whole art therefore 
confifls in forming the body in fuch a manner, that none of thefe qualities 
fhali be entirely dellroyed.and in giving the prcfetencc to that which is mod 
required in the particular fervice for which the veflel is built j in order to 

which 
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which, it will be neceflaryto know, at leaft nearly, what form will give a 
veifel one of thefc qualities, conlidered abftraclly trom the reft. 

To make a Ship carry a good SjII. 

A flat floor timber, and fomewhat long, or the lower futtock pretty 
round, a ftreight upper futtock, the top timber to throw the breadth out 
aloft j at any rate to carry her main breadth as high as the lower deck : 
Now, if the rigging be well adapted to fuch a body, and the upper works 
lightened as much as poflible, io that they all concur to lower the center 
•f gravity, there will be no room to doubt of her carrying a good fail. 

To make a Ship /leer well, and quickly anfwer the Helm. 

If the fafhion pieces be well formed, and the tuck carried pretty high ; 
the midfhip frame carried pretty forward \ a confiderable difference of the 
draught of water abaft more than afore ; a great rake forward, and none 
abaft } a fnug quarter-deck and forecaftle, all thefe will make a (hip fteer 
well j but to make her feel the leaft motion of her helm, it will be ne- 
ceflary to regard her mads. There is one thing not to be forgot, that a 
(hip which goes well will certainly fteer well. 

To make a Ship carry ber Guns well out of the Water, 

It is plain, that a long floor timber, and not of a great rifing ; a very 
full midfliip frame, and low tuck with light upper works, will make a 
(hip carry her guns high. 

To make a Ship go fmoothly through the Water without pitching hard. 

A long keel, a long floor, not to rife too high afore and abaft, the area 
or fpace contained in the fore body, duly proportioned to that of the after 
body, according to the refpeetive weights they are to carry j all thefe are 
neceflary to make a (hip go fmoothjy through the water. 

To make a Ship keep a good Wind. 

A good length by the keel, not too broad, but pretty deep in the hold, 
which will occafion her to have a fliort floor timber, and great rifing. 

As fuch a fhip will meet with great refiftance in the water, going over 
the broad-fide, and little when going a-head, (he will not [fall much to 
the leeward. 

Now, fome builders imagine that it is not poflible to make a (hip carry 
her guns well, carry a good fail, and to be a prime failer, becaufe it 

would 



Digitized by Google 



48 General Remarh on BxikKng. Cvtxr. VIL 

would require a vtry full bottom to gain the firft two qualities, whereas a 
fliarp ftup will belt anfwer for the latter ; but when it is confidered that 
2 full rtiip will carry a greaj deal more fail than a fharp one, a good artift 
may fo form the body as to have all thefe three good qualities, and likewifc 
fteer well, for which purpofe I would recommend fomewhat in kngth 
more than has been formerly practifed. 

After what has been faid upon this head, I believe it will not be thought 
impofllblc to unite ail thefe different qualities in one (hip, fo that all of 
them may be diicerned in fome degree of eminence ; but when it happens, 
othcrwile, the fault muft be owing to the builder, who has not applied 
himfclf to fludy the fundamental rules and principles of his art. 

Excepting fome antient builders, who were happily born with a natural 
genius, and our moderns, who being inftructed in the principles of the 
mathematics, have truly laboured very hard to make a progrefs in the art, ' 
of mipbuilding, one may, without violating the truth, affirm that the 
greateft part futisfy themfclves with copying fuch (hips as they efteem 
good failers, and it is thefe (ervile mechanick methods, which, to the great 
reproach of the art, arc but too common, that have produced all thefe 
pretended rules of proportion, all thefe methods of defcribing the mid- 
fhip frame, and forming the reft of the timbers, which every builder en- 
deavours if pomble to conceal, and keep wholly in his own family. 

How low and mean is this ? it is as if a great architect mould endeavour 
to conceal the proportions of the different orders of architecture ; whereas 
they are publifhed every where, and fo well known that many can raife a 
very beautiful porch or triumphal arch j but tho' the methods of defcribing 
the midmip frame, and forming the reft of the timbers, be known to 
mod apprentices, yet we have but few good mafter builders : This re- 
quires more than thofe mechanick rules j they (hould at lead have fuch a 
knowledge of the mathematicks, phy ticks, mechanicks, of the nature of 
folids and fluids, as to be able to difcover what figure would procure fome 
good quality, without hazarding or putting a bad one in its place. 

Let us fuppofe one to have a collection of draughts of a vaft number 
of Hups, and whofe good and bad qualities have been remarked with all 
pofilble exactneis, fuch a valuable treafure would be of great fervice to a 
perfon who could calculate precifely by the draughts where the fault lay, 
and how it might be rectified. For inftance, fuppofe a (hip fails well, 
but carries her guns too low, a builder who is not acquainted with thefe 
principles would raife her deck, in confequence of which Hie would not 
fail well j whereas, one that could exactly calculate how much the re- 
finance of the fluid is diminilhed upon the prow, would take great care 
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• to add no more to any of the other parts than he could find by an exact 
calculation might be done without augmenting the reliltance in the 
fluids. 

M. Bouguer has published feveral ufeful problems for making thele 
calculations, to which we refer the reader, and only explain what regards 
the height of the gun deck, and the refinance of the fluid, in one ex- 
ample of a 70 gun (hip. 

CHAP. VIII. 

To know by the Draught bow bigb a Sbip will carry ber Guns out of 

the Water. 

THIS is only to know if, when a (hip is loaded with all her ammuni- 
tions and provifions on board, and ready to fail, her feat in the water 
will then agree exactly with the load water line in the- draught. 

It may be demonftrated by feveral experiments, that any floating body 
of whatfoever figure wilt juft fink fo for in the water as to difplace a 
bulk of water of equal weight with itfelf. 

Hence it will be necefiary, firft to find a method of calculating the ex- 
act weight of a fhip ready equipt for fea, and fecondly, to know the exact 
weight of the water the fhip difplaces, when loaded to the water line in 
the draught. 

In order to the firft, the exact weight of all the timber, iron, lead, 
marts, fails, rigging, and in (hort of all the materials, men, provifions, 
and every thing elfe on board the fhip muft be known. 

It muft be confefied that this is a very laborious tafk, yet the zeal of 
our modern builders has fur mounted all thefe difficulties, and got the? 
exact weight of a fhip of each clafs, with all its furniture, and fix months 
provifions on board. It will be fufficient for our purpofe tp give the par- 
ticulars, of the two following, one of 30 and another of 50 guns, both 
ready equipt for fea, with fix months provifions on board. 
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FJtimafe of the W<i~ht of the RENOMEE Frigcte of Thirtj 
Guns, -with Six Mouths ProvifiotK. 

Weight of the Huit. 



ber { above w. at 66 lb. 

Fir at 50/*. per foot water 
y r J above water 



Cubic 
feet 

Oak limb- J under w. at 72 lb. per f. 5640 

2920 
600 
560 

Carved work 

Iron knees and ftandards 
Bolts, rudder irons, chain plates, nails 
Lead for the haufe holes & fcuppers 
Locks -~ — . — 

Oakum 

Fitch and Tar 

Paint •— — 

In the Cook room 



Total 



Under 


Above 


Total 


water 


water 






Pound* 


Pound*. 


Toi>* 


Pound* 


4O6080 


1 
1 

I9272O , 




80O 


30000 


2.SOOO _ 


, 9 


COO 




2 200 


I 


A OO 




7OIO 


5 


I2I0» 


1 1 650 


%58 


9 


208 


250 


43° 


0 


680 




170 


0 


170> 


1200 


1830 


1 


IO3O 




650 


0 


65O 




440 


0 


44O 




8000 


4 


OOO 


4533 8 ° 


248008 | 350 


138* 



Weight of the Furhiture. 



Mafts compleat fet and fparc 

Blocks 

Pumps — — - 
Cables and Hawfcrs 
Sails and their Cafes 
Anchors and their Stocks 
Cordage for the rigging 
The mailer's Stores 
Boats 



Under W. 


AbovW 


Toul. 


Pound*, 




Tom 


Pd. 


3000 


37OOO 


20 


00* 


1000 


5444 


2 


444 


>734 


670 


I 


404 


24444 




12 


444- 


4222 


377 8 


4 


000 


atiu 


6944 


4 


»555 




17282 


8 


1282 


zm 


6666 


1 


»333 


3 


666 


40344 1 75784 ] 


58 


128 



Total 

Weight of the Provision*, tec 



Provifions For 6 months for 200 

men with all their equipage 
Water for two months and a half 
Caflcs 



The Captain's table 



Total 



Under 


Above 


Total 


water. 


water 






Pounds. 


Pound t. 


Tom 


Pound* 


| 24542O 




122 


142O 


I 000OO 






OOO 


32800 




?2 


800 


I5O0O 


5000 


10 


OOO 


393220 


5000 


199 


220 



(5i ) 

Weight of the Officers Stores. 



The Carpenter's Stores 
The Caulker's Stores 
The Surgeon's Effects 
The Pilot's Effeds 
The Chaplain's Effects 



Iron Guns 1 

Carriages fitted 

Balls round and croft bar 
Balls of one pound ■ 
Powder and Powder Barrels 
Implements for the powder 
Crows, Handfpikes, Gunners 
fils, and Stores 



Under 


Above 


Total 


water 


water 






X L»U 1 >Uffi 


PounHt 

1 UU1IU)> 


Tom 


Pi. 


3OOO 


~ IOOO 


£ 


00 


IOOO 




O 


IOOO 


24OO 




I 


400 


74O 


360 


O 


1 100 




100 


O 


ioo 


714O 


J 460 


4> 


600 


s and Ammunition. 




Under 


Above 


Total 


water 


water 






Pound*. 


pound 1. 


Tom 


Pd» 




: 60300 


30 


300 




14000 


7 


00 


11570 


2430 


7 


00 


600 




0 


600 


7108 


112 


J 


I22<* 


1368 


13a 


0 

■ 


I50O 


J 3200 


15 00 


2 

■ 


700. 




900 


0 


90a 


23846 


79374- 1 5» ' 





Weight of the Men and their Eqjjipage. 



Under 
water 



8 principal Officers and their EfTecU 
2op Men and their Effects 



Ballast 



Total 
lopooo 



Above 


Total 


water 




Pound*. 


Ton* Pound* 


4O0O 


a 00 


4OOOO 


20 00 


44000 


22 00 



i too 



00 



Ha 
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RECAPITULATION. 



The Hull 

The Furniture 

The Provifions - 

Officers Stores 

Guns and Ammunition 
Weight of the Men 
Ballaft 



Under 


Above 


Total 


water 


water 






Poundi. 


Pound). 


Tout 


Pound • 


453380 


248008 


350 


I388 


40344 


757 8 4 


58 


128 


3932^0 


5O0O 


I99 


220 


7»40 


1460 


4 


60O 


23846 


79374 


5* 


1220 




44000 


22 


OO 


200000 




IOO 


OO 



Total 111*930 | 453626 [ 785 1556 



Eftimate of the Weight of a Frigate of Fifty Gum t with Six Months 

Provifions. 



The Hull 
The. Furniture 
Ballaft 



Guns and Ammunition 

Provifions r- 

Stores — — 

Men and their Equipage , 



Under 
water 



774270 
98237 
300000 
£79400 
659400 
9800 



Above 
water 

Pound*. 

769134 

163184 

- 199320 
80OO 
2800 
77OOO 



Total 



Toni 

77* 
130 

150 

133 

333 
6 

38 



Pound* 
I4O4 
I42I 
OOO 
1280 
14O0 

• 60O 
lOOO 



Total 1909667 J 1219438 I 1564 no. 



But as all Ihipi of the feme daft are pretty near the fame dimensions, 
and have the fame number of guns, &c. we may have the exact weight of 
each only by examining the draught of water, and computing the weight 
of that column of water which is difplaced by the lhip. 

Now if the Intrepide weighs 27 1 8 tuns, flic mull fink fo far into the 
water till (he has difplaced a column of water containing 73459 tt cubick 
feet, for a cubick foot of felt water being fuppofed to weigh 74 lb. the 
73459 -tt "will weigh C436000 lb. or 2718 tuns, or if flie difplaces 
73459 tt cubick feet of felt water, we may thence conclude that flie 
weighs 2718 tuns. 

In like manner, if the weight of the fliip which is to be laid down in 

the 
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the draught be known ; as, for inftance, that if a mipoi*78 guns, is 2350 
tons, we may with certainty know if the water tine in the draught be pro- 
perly placed, only by reducing the bottom into cubick feet. 

The antient builders were unacquainted with the manner of perform* 
ing this, but our moderns make an exact calculation of the contents of 
the bottom before they begin to build, whereby they will be furc to keep 
the lower tier of guns well out of the water. 

If a (hip's body were any regular figure, the folid contents of it could 
eafily be found geometrically, but as the cafe is quite otherwife, we tnuft 
be fatisfied with dividing it into feveral parts, of which we may have a 
great number, and they will thereby become fo fmall, that they may, 
without any fenfible error, be efteemed as regular figures, limited by ftreight 
lines, tho' lbme of them are actually curves. 

In the draught of the 70 gun (hip which we have laid down, the bottom 
is divided on the plain of elevation into feveral parts, in a vertical way, 
by the lines that reprefent the frames j and in an horizontal way by the 
water lines j fo that the whole may be faid to be divided into fo many 
parallelopipedons, A, B, C, D, or a, b, c, d t contained betwixt the two 
frames 6 and 7, and limited on the fide A B by a plain fuppofed to be 
erected vertically upon the keel, and on the other fide by the round of 
the outfide of the (hip, at the height of the breadth water line, or a c. Now 
it is very plain that the area of the fur face, which limits the lower part 
of this folid, is lefs than the area of the furface, which limits the upper 
part : But if we increafe the water lines and frames, we may find the folid 
contents to a fufficient exactnefs for our purpofe. 

Now, in order to find the area of the upper furface A B C D, let A C 
be 16 feet 11 inches, and BD 13 feet 6 inches; add thefe two, the fum 
is 30 feet 5 inches, the half of which is 15 feet 2 inches and a half, and 
this fum multiplied by A B, which fuppofe 8 feet, the diftancc betwixt 
the frames, the product is 121 feet 8 inches, the area of the upper furface 
of the parallelopipedon. 

The area of the lower furface of the parallelopipedon may be found 
after the fame manner, whjch fuppofe 97 feet 4 inches. Now, if thefe 
two areas be added together, their fum will be 219 feet, the half of which 
is 109 feet 6 inches for the mean area, and this multiplied by a b % the 
diftance betwixt the water lines, which fuppofe 4 feet 4 inches, produces 
474 feet 6 inches cubick. 

By the fame procefe we may find the folid contents of the other parallo- 
pipeds, and adding them together, and doubling that fum, we (hall have 

the 
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the folid content of the whole bottom of the lhip in cubic k ieet to a 
iurficient degree of exactnefs. 

I made ufe of this method before M. Bouguer's treatife was publifhed, 
where there is one which is more convenient and expeditious, for, in- 
ftead of finding the area of every fingle furface contained betwixt the 
frames upon the feclion of a water line, he 'finds by one operation the 
area of the whole furface formed by the horizontal fedtion or water line, 
except that part intercepted betwixt the aftermoft frame and the pod, 
and the part contained betwixt the foremoft frame and the ftem, which, 
upon account of the rake muft be meafured feperatcly, as alfo all that lies 
betwixt the upperfide of the keel and the firft water line. His method is 
as follows : 

Take the lengths of all the lines that reprefent the frames on the hori- 
zontal plane, add all thefe together, excepting the foremoft and aftermoft, 
of which take only one half of each, fo if it were required to find the 
area of the furface formed by a horizontal fedion in the plane of the load 
water line, it will be t ZZ+BD-j-AC-J-IH+LK, &c. -fKSxAB, 
fuppofing AB to be the diftance betwixt the frames equally fpaced betwixt 
ZZ and NO, 

To demonftrate this, let it be confidered by what operation the two 
trapezia ABDCand HI AC are meafured. We obferve in the proceeding 
article that this was performed by adding the length of the lines BD and 
AC together, and then taking half that Turn j the length of the lines AC 
and H I, muft likewife be added together, and the half of that fum taken j 
now it is evident that it will be the fame thing to take half the line BD, 
and half the line H I, and the whole line AC, and add all thefe three to- 
gether, becaufe the line AC, is common to both the trapezia. 

Afttrthe areas of all the water lines are thus found, trie folid content 
of the lpace contained betwixt the water lines may be had by multiplying 
the are. by the diftance between the water lines : But, becaufe the areas 
of the two furfaccs which limits this part are unequal, a mean area muft 
be found j this is half the fum of the two areas, fo that all that is now to 
be done, is to add the areas of the water lines into one fum, excepting 
that of the upermoft and lowermoft, of whictionly one half of each muft 
be taken, and if this fum is multiplied by the diftance betwixt the water 
lines, the produtt will give half the folid content of the bottom, obferv- 
ing that the water lines in the plain of elevation be equally diftant from 
one another. 

The application of this method in finding the cubick feet contained in 
« 70 gun lhip laid down in the draught. 

The 
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The forepart ts divided into eight, and the after into nine equat parts K 
betides that betwixt the aftermoft timber and the pofi, and that betwixt 
the foremoft timber and the ftero. 

The bottom is likewue divided into four equa! parts by water lines drawn 
parallel to the load water line, all which are formed upon the horizontal 
plane j for it will be very ufeful to know the folid content of each parti- 
cular part contained betwixt the water lines, alfo to diftinguim that of the 
fore body from the after body, whereby we may be enabled to know if 
the weight be duly poifed. We mail coniider all this in the following 
calculation. 

Note, there mufi be four inches added to each line that reprefents the frames 
in the horizontal plane for the tbicknefs of the plank, that being nearly a 
mean betwixt the tbicknefs of the plank next the wale, and that next the keel. 

The Area of the Upper Water Line abaft. 

The breadth of the furface at the load water line, upon the midmip 
frame a QJs 2 1 feet 2 inches, 

feet. ineh. 

one half is — 10 7 

r ift Frame 21 2 

2d Frame - 20 11 

3d Frame • < 20 9 

Breadth at ^ $ £™ ~ - * 



6th Frame - ■ 18 11, 

7th Frame 1 17 4 

^ 8th Frame — • 15 7 

The 9th Frame X S is 12 feet 9 inches, one half of which is 6 44. 

Total 171 114 
which total doubled is 343 feet 1 1 inches, and multiplied by 8, 1 
the diftance betwixt the frames, is the whole area of the water > 2751 4 
line, from the midihip to the after frame, in cubick feet J 
To this mud be added the area of the trapezium X S L * 
Now half of the lines XS and Le is 10 feet o inches 

Diftance betwixt them is _<) o_ 

Product is 97 6 
which being doubled is 193 o 

The whole area in cubick feet 2946* 4 

By ufing the lame procefs, we may find the areas of all the other water 
lines ; and adding all thefe areas together, excepting that of the firft and 
fifth, of which taking only one half, multiply this fum by 4 feet 5 inches, 

. which 
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which is the difrance betwixt them, we (hall have the area in cubic k feet 
of that part of the fhip abafc the midthip frame, contained betwixt the 
lower water line, and load water line. 

feet inch. 1. p. 

Half of the area of the load water line 1473 200 

Whole area of the 4th water line 2516 140 

Whole area of the 3d water line - — — 2052 o 4 o 

Whole area of the 2d water line — — — - 1452 10 7 6 

Half the area of the ifj water line ■ 144 320 

Total 7638 556 

Multiplied by the diftance betwixt the water lines 4 500 

Product in cubicle feet betwixt the lower and load water line 33736 6 1 3 0 

Betwixt the lower water line and keel 333 6300 

Keel and poll 101 8000 

Cubickfr. abafc the mid fliip frame under watcr,when loaded 34171 8 4 3 6 

Cubick ft. before the midfhip frame under water, when load. 28928 6 1 o o 

Total cubic k feet under water 63100 2536 

ly.uluply i>y the weight of a cubick foot of fait water pounds 74 

pounds. tons. lb. 

Wd KSS, W 6fc fl,iP ' " hh *" h " f ™' } < 66 '« 8 '334 H98 
We have omitted the operation for the fore part, becaufe it is performed 
exactly by the fame method with the after part. 

It mull be obferved, that in finding the cubick feet of that part contained 
betwixt the lower water line and upper fide of the keel, we muft take 
the heights of all the frames intercepted betwixt thefe two lines, and di- 
vide their fum by the number of frames abaft the midfhip, the quotient 
will be 1 foot 0 inches 9 lines. 

Fett la. Lints 

The area of the lower water line is — — 2 88 6 4 

The area of the upper fide of the keel — — 79 6 o 

Total 368 o 4 
One half is 184 o 2 
Area of that part contained betwixt the lower warer line and keel 333 6 3 

The ufe of the preceding calculation is to know if the load water line 
upon the draught be properly placed. 

It has been found that a fhip of 70 guns, with every thing on board, 
mould weigh nearly 2350 tons, which is only 15 tons 1297 pound more 
than what is found by calculating from the load water line in the draught, 
this difference would occafion the fhip not to draw above one inch more 

wat 
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water k is sot irorth the regarding. Bat then by this calculation we 
difcover thai the fliip is too Lean before j for whereas the fore part fhould 
exceed the after part by 30 tuns, we find,, by this calculation, that the after' 
part exceeds the fore part by 193 tuns 1995 pounds. 

Upon this account we mud con fide r carefully if the midfliip frame is 
properly placed ; it is here 5 feet before the middle. If the midmip 
frame was exactly in the middle it would augment the weight of the fore 
part 1 02 tuns 507 pounds, and diminifh that of the after part exactly the 
fame quantity, by which means the fore part would be 1 172 tuns 1014 
pounds, and the after part 1 162 tuns. Now we may fill out the fore 
part, fo as to gain 1 5 tuns 636 pounds, which was deficient, to make the 
calculation taken from the draught agree with the real weight propofed 
for a (hip of 70 guns fitted out for fea, with fix months provifion on 
board j and the fore-body will weigh 25 tuns 1255 pounds more than the 
after part, which may be judged fufficient. 

C H A P. IX. 

j4 Method to calculate the Refinance of the Water upon the 

fore Part of the Ship. 

DAILY Experience fufficiently proves that the fluids, by their 
motion, attack the folids that oppofe them, as bridges, mills, Gfr. 
with fuch violence as to carry all before them j and this is agreeable to 
the very nature of fluids. 

For all fluids are an aflemblage of a prodigious number of fmall folid 
bodies of a globular form, each of which being eafily put in motion will 
act upon any furface with the fame force that any other folid body of the 
like ma(s would da But as thefe particles have but a very fmall cohe- 
fion with each other, fluids cannot act with the fame force as folids which 
have their parts united. 

A mafs of water of 20 cubical feet will not act with the fame force 
upon the pier of a bridge which oppofes it, as a mafs of ice of the fame 
dimenfions ; becaufe the whole mafs of ice having its parts fo united to- 
gether, that one cannot advance without the other, it gives the blow with 
ihe united force of all the parts at once, whereas the parts that compofe 
the mafs of water, being but (lightly united, they cannot act jointly or in 
concert, and they exert their force one after another ; they indeed fucceed 
one another immediately, and are a little united by their reciprocal pref- 

I Aire* 
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faftfj but as every part has its own peculiar velocity, fo it makes its ef- 
fort fingly by itfelf, and, being eafily put in motion, it will be as eafily 
turned out of its direction, the parts being only retained together by the 
weight of thofc that come next them. 

Fluids have a continual effort, becaufe when a certain number have 
produced their effect they are fucceeded by others as long as the cur- 
rent lafts. 

Hence it will follow, that when a veflel is left to a current of the ri- 
ver, it can receive no more velocity than the current has, and its velocity 
will be accelerated till it is equal to that of the current. 

If, on the contrary, any floating body receives a motion in a contrary 
direction to that of the current, it will be continually retarded, till it 
lias none, and then it will change rts direction to follow that of the current. 

We (ball here remark, that it is indifferent whether we aicribe the 
motion to the folid or to the fluid j for the imprefiion of the water upon 
the fliip's ftem is the fame when under fail, as when at an anchor, provi- 
ded the motion of the current be equal to that which the fhip acquires 
by failing. 

The effort of fluids is as the fquare of the velocity of the current. 

It is very plain that the more rapid the current is, the greater will 
the imprefiion of the fluid be ; for the parts will then (hock the folid with 
greater force than when it runs flowly ; fo that the force is augmented in 
proportion to the velocity. Again, the number of the parts of the fluid 
that ftrikc the folid in any fpace of time, is in proportion to the velocity 
of the current ; for the fader it runs the greater will be the number of the 
parts that ftrike the folid in a fpace of time ; fo that not only the effort 
of the fluid, but likewifc the number of parts that attack the folid, is, 
augmented in proportion to the velocity of the current, and when thefe 
two are united, the effort of the fluid will be in a duplicate ratio of the 
velocity ; fb that if the velocity be doubled, the (hock will be quadrupled. 

Hence, the fafter a fhip goes through the water, the greater will be the 
refinance fhe meets with, and this will be augmented in a duplicate ratio 
of the velocity with which (he fails. 

The impreffion of a fluid inereafes as the furfaccs which oppofe its 
current. 

k is very plain, that if one furface k double another it will receive 
double the number of the parts of the fluid, and of consequence the im- 
prefiion will be double upon the furface, whofe area is double the area of 
another furface. Hence thefe (hips whofe midfhip frames have the 
greateft capacity meet with moft refiftance. 

The efforts of fluids will be lefs when the furfaces are in an oblique 
portion to the current, than when in a perpendicular pofition. 

Piatt 
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PhtelW. Fig. f.} LetEA reprefcnt the courfe of the fluid fctting per- 
pendicularly on any body A B; it is plain, that it receives the impreffion 
of all the parts of the fluid contained between A and B ; whereas, if the 
point B be moved to D, the parts of the water contained betwixt B and 
G will have no impretfion upon A D. Hence the quantity of the fluid 
which attacks A B is to that which attacks A D as A B is to AG; 
that is, as the radius is to the fine of the angle of incidence E A D. But 
if there were no other advantage gained by this oblique pofition, than 
being expofed to fewer parts of the fluid, it would be of very little 
fervice to a (hip which muft have a fufficient breadth, fuppofe A B j it is 
plain, the number of the parts of the fluid which give the impreffion will 
be the fame, when the fore part of the fliip is in the form of A D B, as 
when it is flat in the form of A B j but the fluid which exerts its force 
on the furface A D B does not produce the fame impreffion as when it 
exerts its force on A B, becaufe tne direction of each particle of water, 
which ftrikes any furface obliquely, may be refolved into two directions, 
one perpendicular, and the other parallel to the plane. 

In order to give us an idea of compound motions, and of the resolution 
of their forces, let us fuppofe two rulers A A and B B, {Plate IV. Fig. 5.) 
placed upon a plane at right angles to one another, and a fmall ball C pla- 
ced at the angle of their meeting, it is plain, if we Aide the ruler B B in 
a parallel pofition to itfelf, it will carry the ball C along the edge of the 
ruler A A } but if both the rulers be made to iliJe together, ib that they 
ftill preferve the fame angle, in fuch a manner that when the ruler A A 
arrives at the line VII, VII, the ruler B B arrives only at the line 3, 3. 
It is plain, the ball will defcribe the diagonal of the parallelogram C, 
VII, D, 3. the fides of which will be proportional to the diftance the ru- 
lers have moved, that is, D, VII is to D 3 as 3 to 7 j but if the rulers 
be fuppofed to be moved equally, fo that when A A arrives at the line 
VII, VII, B B fhall arrive at the line 7 7, the ball will defcribe the 
diagonal C F of the fquare C, VII ; F 7. 

Now, if we fubftitute any other two agents in the place of the rulers, 
fuch as two hammers, and both be fuppofed to ftrike the ball with equal 
force at the fame time, it is plain, the ball will go in the direction of the 
diagonal C F j but if the force with which one hammer ftrikes the ball 
be to that by which the other hammer ftrikes the ball, as 7 to 3, then 
the ball will move in the direction of the line C D. 
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The principal Effecls of Compound Motions. (Plate IV. Fig. 6.) 

If two powers C and B act with equal force on the body A, that is to> 
fay, that the power C would drive to B in the fame time that the power 
B would drive it to C j in the contrary directions of the lines C A and 
B A, the body A wiH remain at reft j but if one of the powers ads with: 
greater force than the other, the body will follow the direction of that 
which predominates, diminiflied by the quantity of the fmaller force. 

2d, If two powers Dand E acl: upon the body A in the fame direction, 
viz. in the lines D A and E A, the body A will follow the direction of 
both, andpafs through the point F, with this only difference, that it wilL 
go with greater velocity when impelled by both powers than with one. 

3d, Let the two powers G and H ftrike the folid A, in the direction: 
of the lines G A and H A, it will thereby receive a compound motion, 
the force and direction of which may be exprelTed by the diagonal of a 
parallelogram, as was before obferved. 

In order to conftruct this parallelogram, which is called the refolution 
of the forces, let the two powers G and H be fuppofed equal and ex- 
prefled by the lines H A and G A j from the point G draw the line E G 
equal and parallel to H A ; from the point H draw the line E H equal 
and parallel to G A, and the diagonal E A (the refult of the two powers 
fcprefented by the fides of the parallelogram H A and G A) mall exprefs 
the velocity and direction of the compound motion j the effect of which 
will be, that the body A will be carried through the point F. But fuppo- 
fing the forces unequal, and let that of H, (Fig. 9.) reprefentcd by the line 
H A, be double that of G, reprefented by the line R A ; then from the point 
R draw the line R S equal and parallel to H A> which mall exprefs the 
force and direction of the power H ; and from the point H draw the line H S 
parallel to R A, which will exprefs the force and direction of the power 
G j the diagonal S A exprefles the velocity and direction of the body A, 
which will pafs through the point T, whereas, if the powers were equaH 
it would pafs through the point F. 

It may be remarked, that two attractive powers placed at P and Q,. 
would produce the fame effect as two impulfive powers at G and H, and. 
that the parallelogram may be conftructed on the lines A Q,.and A P. 

CO.NSE QJJ ENCES. 

ift. Theacuter the angle of the direction of the power is, the nearer 
will they approach to one direction, and act with greater force j fo the 
refult of G and H is greater than that of K and I, fuppofing the powers 
to be equal. 2d„ 



Digitized by Googl 



Otap. IX. Of the Refinance of Fluids. 6 1 

ad. The greateft effect of two powers is, when they both act in the 
fame direction, and the leaft when they act in contrary directions. 

3d. When two equal powers aft in fuch a direction that they form art 
angle of 120 degrees, as AK and A I } in this and in no other caie, the 
refult will be equal to the fingle force, of A I or A K > it only ohanges the. 
direction ; for when the two powers act jointly, A will be carried to V y 
whereas if K only acted, it would be carried to T j or if I only acted, 
A would be carried to V j if L only acts it will be carried to V ; if M 
only acts it will be carried to T. 

4th. If the direction of two powers make an angle lefs than 120 de- 
grees, as G A and H A, they will aflift one another ; but if they form an. 
angle greater than 1 20 degrees, as L A and A M, they will be recipro- 
cally diminished. 

The Refult s of a Motion imprejfed upon a Body A, in Relation to a 
Surface a b, which oppojes its Motion. (Plate IV. Fig. b.} 

1 ft. When a body ftrikes a furface obliquely it will be with lefs force 
than when it ftrikes it perpendicularly ; for it may ftrike it fo obliquely as 
only to graze along it ; between the perpendicular fhock, which is the? 
grcateft, and the oblique, which approaches neareft to a parallel to the 
forface, there may be an infinite number of directions, lefs or more ob- 
lique, and the furface will be ftruck with more or lefs force. 

2d. If the two powers are united in D, they will act, in the direction 
D F, with great force upon a b y becaufe they not only act jointly, but 
likewife in a perpendicular direction upon the furface a b. 

3d, If the two powers be equal in force, and act in the direction of the 
lines G A and H A, the body A will alfo fall perpendicularly on the 
furface a b, but with lefs force than in the firft cafc> becaufe of the obli- 
quity of the directions. 

4th. If the power H have double the force of the power G, then the 
direction will be changed into the line S A, (Fig: 9.) and the body wilE 
ftrike the furface obliquely in the direction of the line S* T, but with, 
lefs force than in the fecond cafe, not only on account of the diminutions 
of the force of the power G, but alio on account of the obliquity o£ 
the fhock. 

5th. It will be indifferent whether the body A receives its impulfe 
from one fingle power, or from two, fo that it ftrikes the furface a b lit 
the fame direction. Hence we fhall have no- occalioa to confider the 
powers which give the motion, but only the velocity and the direction in: 
which they ftrike the furface. 

6th, It will produce the fame effect, whether wc change the line o£ 

direction* 
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direction, in which the body A ftrikes the furface a b t or change the po- 
fition of the furface a b in refpect of the line of direction. 

From what has been faid, it will follow, that if the common effect of 
two powers acting upon the fame body be known, and alfo the direction 
and force of one of them, then the direction and force of the other may 
be found ; for let the body C (Fig. 5.) be carried to the point D by the 
action of two powers, and one reprcfented by the line C, VII j draw the 
line D 3 equal and parallel to C, VII, and compleat the parallelogram, fp 
£hall C 3 exprefc the force of the other power. 

The Application of what has been faid to the Shock of Fluids. 

We have hitherto confidered the mock of a folid body in different di- 
rections upon the furface of another folid, but we will readily grant that 
fluids do not act in the (hock in the fame manner that folidsdo. It is 
very probable, that when a fluid falls perpendicularly upon a furface, 
there is a mafs of water that refts immoveable before the furface, which 
occupies the place of a folid body, and has nearly the fame effect as if 
the furface was round, fo that the fluid does not attack the body that op- 
pofes it in a direction perpendicular to its courfe ; befides, the particles of 
water which attack a furface, whether obliquely or not, may rebound 
and change their direction, fo that the laws of fluids are quite different 
from the laws of folids in the (hock. 

The oblique direction of a particle of water may be refolved into one 
that is perpendicular to the body which oppofes its courfes, and one that 
is parallel to it. 

In order to conftruct this refolution, (Plate IV. Fig. 11.) upon the 
line A C inclined to the current, form the parallelogram AHE F 
(A £ reprefenting the velocity and direction of the current) making E F 
parallel to C A and £ H perpendicular to C A. The diagonal £ A, 
which reprelents a particle of water and its velocity, will be the refult of 
a motion luppofed to be produced by two powers, one parallel to A C, 
whofe force and direction is reprefented by E F, the fide of the 
parallelogram, and the other perpendicular to it reprefented by the fide 
EH. 

Hence it will follow, that when a furface is expofed to the mock of a 
current, in different oblique directions, the force of the direct (hock is to that 
of the oblique, as the fquare of the radius is to the fquare of the fine of 
the oblique angle of incidence j for the effort of the particle E A, (which 
ftrikes the body A B, in a perpendicular direction,) is to the effort of the 
fame particle £ A j (which ftrikes the body A C in an oblique direction,) 
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as E A is to E H j but E A is to EH as A B, the fine of the right an- 
gle, is to A G, the fine of the oblique angle of incidence. But it was 
before obferved, that the fum of the particles that ftrike A B is to the 
fum of the particles that ftrike A C as the radius is to the fine of the angle 
of incidence. Hence, by multiplying the effort of one particle, by the 
number of particles that ftrike A B, (that is, the effort of the whole water 
upon A B) and multiplying the effort of one particle by the number of 
particles that fall upon A C, that is, the effort of the whole fluid upon 
C A) we fhall have the following proportion : The effort of the whole 
fluid upon A B is to its effort upon A C, as the fquare of the radius is to 
the fquare of the fine of the angle of incidence. 

When the furfaces A B and A D, which oppofe the current A E, are 
unequal {Plate IV, Fig. 10.) the quantities of water which ftrike thefe 
furfaces are as the product of the furfaces by the fines of the angles of in- 
cidence j from whence we (hall have the following proportion : The ef- 
fort of the fluid upon A D is to that upon A B, as the fquare of A G, the 
fine of the angle of incidence multiplied by the furface A D, is to the 
fquare of A B, the radius, multiplied by the furface A B. 

C O N S E QJJ E N C E S. 

1 ft. If two equal furfaces, expofed to the fame current, receive its (hock 
in different obliquities, the impreffions will be to one another as the fquarcs 
of the fines of the angle of incidence. 

ad. A furface parallel to the current can receive no fhock, becaufe there 
is no angle of incidence. 

3d. If two k unequal furfaces are expofed to the fame current, the im~ 
preffions they receive by the fhock in different obliquities, are to one an- 
other as the products of the fquarcs of the fines of the angles of incidence, 
and of the furfaces that receive the fhock. 

4th. If two equal furfaces receive the fhock of two unequal currents, 
the iinpreflions will be to one another as the products of the fquarcs of 
the velocities, and of the fquares of the angles of incidence. 

5th. If two unequal furfaces are expofed to two unequal currents, 
which ftrike them with different obliquities, the imprefiions will be to 
ore another as the products of the fquares of their velocities ; of the 
fquares of the fines ; of the angles of incidence ; and of the furfaces. 

All thefe confequences may be deduced from the preceding principles* 
it only remains to apply them 

Let AB (Plate IV. Fig. 4.) reprefcnt the extreme breadth of a 
veflel, and let the fore part be formed according to the angles A C B, 

or 
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or A F B, or A L B. In order to find the efforts of the fluid, fuppofing 
the velocity and direction to be the Tame, and parallel to the keel, in the 
three cafes, open the middle of the line A B, erect the perpendicular 
EL, which will pafs through the tops of all the triangles ; then to find 
the fines of the angles of incidence, with the radius A B defcribe two 
arches, A F and B F, to interfect one another in the vertex of the equi- 
lateral triangle ; the arches will interfect the fides of the angle, that is lefs 
than 60 degrees ; but not the fides of that which is more than 60 degrees ; 
produce one of the fides from C to M (Plate IV. Fig. 4,) Laftly, let 
fall the perpendiculars M D, F E, PK, upon the line A B, from all the 
points where the arches interfect either the fides of the triangles, or the 
fides that are produced ; fo {hall A E, A D, and A K, reprefent the fines 
of the angles of incidence upon the different triangles A F B, A C B, 
and ALB. 

It will be eafy to obferve, that the effort of the fluid upon the intire 
fore parts ACB, A F B, or A L B, is to the effort upon the extreme 
breadth, as the effort upon A C, A F, or A L, is to the effort upon AEj 
but it was proved before, that the imprclfions received by two unequal 
furfaces, oppofed to the direction of a current, are as the fquares of the 
fines of the angles of incidence multiplied by the furfaces ; fo, in this cafe, 
the impreffion on A C will be to that on A E, (or, which is the fame 
thing, the impreflion on A C B will be to that on A B) as the fquare of 
A D, the fine of the angle of incidence, multiplied by ACB, is to the 
fqoare of the radius multiplied by A B. 

We have alfo the effort on A F B to the effort on AB 5 as AFB, 
multiplied by the fquare of A E, the fine of the angle of incidence, is to 
A B, multiplied by the fquare of A B the radius. This proportion would 
ihew the effort of the fluid upon the prow AFB, in a perpendicular di- 
rection to the fides A F and B F, which would be very ufeful, if it were 
required to determine the dimenfions of the timber that is to refift that 
preffure of water ; but in the prefent cafe, where only the relative effort 
upon the prow is confidered in the direction of the keel, we muft form 
another refolution. Let then C D {Fig. 8.) reprefent the effort upon F B, 
perpendicular to that furface j if from the point D we let fall the perpen- 
dicular D H, and compleat the parallelogram G C D H, C G mail repre- 
fent the relative effort upon the prow in the direction of the keel, folhe 
whole effort upon F B, may be reprefentcd by F B multiplied by the 
(qua/e of the angle of incidence, which is to the relative effort as F B is 
to E B : The relative effort then is equal to the fquare of the fine of 
the angle of incidence multiplied by E B, or by the fum of the particles 
which fall upon FBj fo to find the relative effort -on F B, we muft 

multiply 
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multiply the fquare of the angle of incidence by the projection of the 
plane F B upon the beam E 15. 

Tho' this method cannot be truly applied but to rectilineal triangles, 
yet, by dividing curves into a number of (mail parts, each may be con- 
lidered, without any fenfiblc error, as a llrait line. M. Bougue r makes 
ufe of this method of approximation to a fufricicnt degree of exact nefs. 
What we have already faid upon that head, it is to be hoped, will facili- 
tate this delcription to iuch as have only a flight knowledge of the mathe- 
matics ; fo that all that remains now is, to apply this to the draught of a 
fhip of 70 guns, which has been already laid down. 

A Calculation of the Refinance cf a Fluid upen the Prew of a Slip of 70 
Guns, which uve hare laid down in a Draught ', compared with the Effort 
0/ the fame Fluid upon the Area of the Midfbip Frame. 

As the operations are to be performed upon the plane of projection 
before laid down, all the frames in the fore part muft be exactly formed 
as before in Plate II. in order to which it will be neceflary to make ufe 
of a larger feale, as in Plate V. 

It will be very convenient to draw the water lines I, II, III, csV. and 
the frames i, 2, 3, &c. to the midfhip frame, at equal diftances from one 
another. 

It is plain, that the water lines and frames divide the prow into trapezia, 
fuch as ra, 8 b, 7 c, &c. correfponding to the trapezium A D, and pa- 
rallelogram a d, in the plane of elevation, Plate II. 

It will be neceflary to obferve, that there muft be fo many water lines 
and frames, that the lines 8 a, 7 b, 6 c, &c. which arc curves, may be 
efteemed ftrait lines. 

We muft draw the diagonals ra, Sb, yc, &c. through the trapezia ; 
but we may take two trapezia at once near to the midfhips, becaufe the 
(hips fides are there nearly parallel to the current. 

It will like wife be proper to obferve, that thefe diagonals are the pro- 
jections of the diagonals of the parallelograms reprefented upon the plane 
of elevation, at leaft, on the furface of the (hip j as for inftance, the dia- 
gonal 8 b, on the plane of the projection, is the projection of the diagonal 
o d drawn on the plane of elevation. 

Thefe diagonals divide the prow into the triangles 1, z, 3, 4, &c. which 
ftrike the fluid with different degrees of obliquity. 

We iiavc not the entire areas of thefe triangles, by reafon of the curving 
of the prow, but only their projection V>n the midfhip frame ; but this Is 
-all we want; for the fum of all the particles of water that ftrike the tri- 

K angles 
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angles are proportioned to the triangle proje&cd on the raidmip frame, 
fince the water that ranges along each triangle may be confidered as a 
triangular piilin, the bafe of which is equal to the triangle ra%,Fig. i. 
Plate V. and this was the thing in queftion. M. Bouguer propofes to cal- 
culate the effort of the fluid on each triangle, their fum will give the (hock 
of the water upon the whole prow, and compare this to the mock of the 
fluid upon a furface parallel to the area of the midmip frame. 

To attain this, M. Bouguer lets fall perpendiculars to every frame, 
from the angles formed at the interaction of the water lines and the dia- 
gonals that were drawn to form the triangle ; for inftance, upon die frame 
», the perpendiculars lb and r p j upon the frame 7 8, the perpendicular 
8 m on one fide, and the perpendicular n c on the other fide, &c . 

This method requires that there be as many right angled triangles 
formed as there are triangles on the prow j and as there muft be a great 
number of them, it will be ncceflary to find fome method of forming 
them. The following feems to me to be the mod expeditious. 

Draw two parallel lines, B D and C R ; let the dutancc betwixt them 
be equal to that betwixt the frames on the plane of elevation, and by this 
one operation we have the height of all the triangles that are contained 
betwixt the parallels. 

As the bafe of all the rectangles mould be equal to the perpendicular 
of the correfponding triangle of the prow, we may fet off the length of 
each perpendicular upon the parallel C R > fo fliall C H, Fig. 2, be equal 
to r p y Fig. i;HL, Fig. 2, equal to s a, Fig. 1 j L E equal to 8 M, &c. 
To compleat the triangles, draw the perpendiculars H N, L M, and the 
hypothenufes D H, N L, C$c. 

If oncof thefe rectangles be confidered fingly, DH may reprefent the 
. radius, and C H wHl be the fine of the angle of incidence. 

All thefe triangles being defcribed, we may begin to find their areas on 
the plane of the projection, becaufe it is upon this that the relative imputfe 
in the direction of the keel depends j which is the thing now required, as 
was before obferved. 

The furface of a triangle is found by multiplying half the bafe by the 
perpendicular ; fo the furface of the triangle r, a, 8, will be the product of 
the perpendicular rf>, (equal to C H) multiplied by half the bafe a 8, and 
this will be the fum of all the particles which ftrike the triangle r, a, 8, 
which is an element of the prow of the (hip. 

In order to find the relative force of the fluid in the direction of the 
keel on that part of the bottom gorrefponding to the triangle r, 8, it is 

only 
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only multiplying the furface of the triangle by the fquare of the fine of 
the incidence j in place of multiplying it by the fquare of the radius, 
which would give the impulfe the triangle would receive from the water 
in a perpendicular direction ; now if we divide this impulfe by the oblique 
one, the quotient will give the quantity that the impulfe is diminished by 
the obliquity of the prow j but there will be no occafion for this laft flep, 
for as the Aim of all the produces of the triangles multiplied by the fquare 
of the radius, gives the effort of the fluid upon the midihip frame ; the 
direct effort may be found by multiplying the area of the midfhip frame 
by the fquare of the radius, and if this be divided by the fum of the pro- 
ducts of all the triangles, multiplied by the fquares of the fines of the an- 
gles of incidence on each triangle, we fhall know the diminution of the 
refinance which the prow meets with in proportion to that of the mid- 
ihip 'frame. 

It would be almofl impracticable to moftipry the furface of each trian- 
gle by the fquare of the fine of the angle of incidence, upon which account 
M. Bouguer fubftituted proportional lines in place of the fquares of the 
fines, which we fhall now explain. 

It was before obferved, that if D H be the radius, C H will be the 
fine of the angle of incidence. 

If we let fall the perpendicular C O upon the tine D H, we fhall have 
the triangle DC H fimilar to DOCj fo taking the equal lines C D, 
and N H for the radius, C O will be the fine of the angle of incidence. 

If we draw O P perpendicular to D C, the triangles DOC and COP 
wilt be fimilar, therefore the triangles D C H and COP will be fimilar, 
and D fi is to C H as O C to C P > but D H is to CH as D C to 
C O, and by multiplying thefe two proportions, the fquare of D H will 
be to the fquare C H as D C is to P C j that is, if D C reprefent the 
fquare of the radius, PC will be the fquare of the fine of the angle of in- 
cidence C D H. So the lines CP, HQ, L G r &c. give the fquares of 
the fines of the angles of incidence in the triangles I, 2, 3, &c, which are 
to be multiplied by the furfaces of the triangles j and the parallels DC, 
N H, &c. always reprefent the radius. 
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A Calculation of the Refinance of the Fluid upon the Prcw of a Ship of 70 
Guns, compared with that upon the Midjhip Frame. 
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The total effort of the firft piece r V 
Of the fecond 
Of the third 
Of the fourth 
Of the fifth 
Of the fixth 



104 2 

57 10 

43 8 

28 o 

12 9 

3 2 



8 8 
6 2 

S 5 
8 10 

8 7 
8 11 



Total 249 10 ij 7 

We muft in the next place find the diredt effort of the water upon the 
area of the midfhip frame, by multiplying the area by the fquare of the 
radius. 
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OPERATION. 

Half the 6th water line r VI 10 % o 

The whole 5th water line V 20 o o 

The 4th water line 19 5 o 

The 3d water line 18 1 o 

The 2d water line 1 5 1 1 6 

The 1 ft water line 12 00 

The breadth of the keel o 0 0 



Total 95 9 6 



Multiplied by the diftance betwixt the water ? ^ 

lines, which is j 

Product is the area of the midfhip frame 303 4 1 

Multiplied by the diftance betwixt the frames 800 

Product 2426 8 8 

This being divided by 249 : 10 : 1 1, the fum of the efforts of the fluid 
upon the triangles of the prow ; the quotient is 9 A, which fhews that 
the effort of the fluid upon the prow is to that upon the midfhip frame 
as 1 is to 9 iV> which is a fufficient diminution of the refiftance for a 
fhip of this force. Hence we may conclude that the water lines in the 
fore- body are well formed, but a frigate will require more diminution, 
as will appear by the following examples. 

The Brillant, as 3 4: to 1, a very bad failer, 

TheT/jr?, as 5 to i,a company keeper. 

A (hip of 50 guns, defigned by M. Boyer, but not built, as 8 to 1. 
The Monarque, of 74 guns, 4 lb. fhot, built by M. Ollivier in 1744, as 

13 T tO I. 

The Alcide, of 64 guns, by M. OUivter, at Brefl 1741, as 6| to 1. 

The Remmme % built at Brefi by M. Defalieurs 1744, as 10 to 1.— This 
ihip, by the account of the captain, was a very fine failer. 

The Badine t 6 guns of 3 lb. (hot, as 7 ^ to 1. 

The Pantbere, of 20 guns 6 lb. (hot, as 10 4- to 1. 

The Amazon, of 44 guns, built by M. Blefe PengaJot, as 8 4 to 1. 

The Suptrbe, built by M. Helie, as c tV to 1. 

The Mutine, of 24 guns, built by M. GeJ'roi, fenior, as 10 4 to 1. 

We have compared the efforts of the fluid upon the prow of each 
ihip, with that upon the plane, equal to the area of the midfhip frame. 

It will be proper alfo to examine if the refiftance in thofe be lefs than 
in ihips which are known to be good failers j but it may happen that a 

L fhip, 
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(hip, whofe midfliip frame has a fmall area, may meet with little refif- 
tance, tho* her prow be not diminifhed in proportion to that of her mid- 
fliip frame ; fo it will not be fufficient to know this proportion only, to 
be allured whether or not the fliip will be a fine failer. We muft alfo 
compare the areas of the midfliip frames, and not reft fatisfied with com- 
paring the efforts of the fluid, upon the prow of the fliip we have laid 
down, with that upon the prow of the fliip of the fame rate, which has 
gained a good character. 

He fir ft Example of Comparifon. 

We know that the area of the midfliip frame of the 70 gun fliip, we 
have laid down, is 606 : 8 : 2, and that the effort of the fluid upon the 
prow is to that on the midfliip frame as 1 is to 9 4v Now if another 
/hip of the fame rate has the area of her midfliip frame 7 or 800 feet, 
fuppofing the fails, and every thing, that may contribute to failing, to be 
alike in both j its plain this laft- cannot fail fo well as that we' have laid 
down, and by this example, it is very plain, that if we would calculate 
which of two fliips would fail beft, we muft, after finding how much the 
refiftance of the fluid upon the midfliip frame of each is diminiflied by 
the form of their prows i alfo compare the areas of their mifliip frames, 
that we may know which of the two has the greateft mafs of water to 
difplacej but if it was only required to know, which of two fliips of the 
fame rate would fail beft, it would be fufficient to compare the efforts of 
fluids upon their prows. 

The fecond Example of Comparifon, 

We have found by the calculation, that the effort of the fluid upon the 
prow of our fliip of 70 guns, is 249 : 10 : 1 1 : 7 j but if, by a like calcu- 
lation, we find the refiftance upon the prow of a fliip of the fame force, 
and carrying the fame quantity of fail, to be 300 feet, we may thence 
conclude that ours will fail beft. 

It will alfo be proper to examine, by the fame calculation, whether the 
fliip we have laid down,can carry a good fail,drive but little to the leeward, 
and fteer well. 
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PREFACE. 

IN grateful acknowledgment to the public, for their fa- 
vourable reception of my firft Edition, I have, in this 
Supplement, collected all the difcoveries I could either make 
by my own obfervations, or gather from the writings of 
M. Bouguer and M. Duhamel. 

I have likewife endeavoured to determine the thicknefs 
of the plank in the direction of the planes of the timbers, 
and have illuftrated it with a Plate engraved for that pur- 
pofe ; Plate V. in the firft edition, being too much crowded 
with lines, to admit of any addition. 

Alfo an account of experiments that have been made to 
afcertain the form of a iblid that will move through the 
water with the greateft velocity. Thefe experiments like- 
wife ferve to determine the propereft pofition of the mid- 
fhip frame. 

The proportions for marts and yards> caps, tops, tniflll- 
trees, and crofs-trees, are inferted. 

Likewife the weights of the anchors, the dimenfions of 
the cables, the number, nature, lengthy and weight of the 
guns on each deck, according to the rates of the feveral 
ihips in his Majefty's Navy. 



CON- 



Digitized by 



>y Google 



CONTENTS. 



Of the Progrcfs of Ship-building in France. 

Capacity and Velocity, two ejfential qualities for floating weft-Is that 
are built for carrying goods from one place to another Page I 

An enquiry into the properejl form of fucb ueffels. 

The cylindrical tub confidercd — — » ibid. 

The cube 7 

The parallclopiped \ ■ 2 

The wedge J~ 

Of toning a tnafl butt -end 'forcmo/l - ■• ■ -■ 4 

The necefjary data to determine the whole form of a jhip 5 

Extracts from M. Boug iter's Traite du Navire. 

The divifon of his treatife, with bis remarks on the form which the com - 

mon rules give to flipi, and by what methods they may be amended 9 

His method of forming the flip by two demi-concs 14 

Of the cables /« France ■ .. - ■ \y 

Of anchors with an explanation of M. Bouguer'i method of finding the 

weight of an anchor ■ - - • 18 

Proportions of mafls in France ■ ■ ■ » 2^ 

' — ' °J yards • ' . ~ 24 

His remarks and experiments on the dimenfions of mafls and yards 25 
His account of an experiment on a model at Havre de Grace 3? 
His account of the /olid of leaft refinance \ that is, fucb as is not liable 
to be broke in one part more than another — — — — 32 
His mechanic way of finding the center of gravity " ' ' $4 
Improvements on M. Bouguer'j method of finding the center of gravity 

Of finding the center of gravity of the whole fhip, when properly loaded, 

a ^ oclt ' " — — 36 

A general rule for determining the tonnage of flips taken into bis tna- 

fefiy's Jervtce ■ . » ■ ■ ■ 38 

M. Bou- 



ii C O Nl T E N T S. 

M. BougucrV method of findings by a fa;? ft: experiment^ if the center of 
a fhip be properly fituatedi even ajtcr fhe is built g y 

He mentions feme chimerical caufes, on which it is imagined a fi:ip's fail- 
ing depends — — 43 

he conjiders the meafure of the abfilute feck of the water ; and of the 

His defcripticn of the anemometer — . 46 

He confiders the impuljion of jluids cn different jluids — 47 

the impuljion o f jluids in reJfecJ of the axis — 48 

Remarks on M. Bouguer'i method of finding the fines of the angle of in- 
cidence, and bow it may be found by trigencmetry — 49 
He confiders the velocity of the flip's failing, in proportisn to the 'velocity 
of the wind ■■ — - — — 52 
— And the effort cf the wind on the fails — — 53 
Remarks on the changes •ulicb, be jays, the motion cf the Jlip will pro- 
duce on the force and apparent direflicn of the wind — 54 
He conjiders the fituaticn and number of mojls — — 55 
The figure a fi.ip jlculd have, in order to make her fleer perfectly well 
with her fails — — — — $y 
He endeavours to determine the esatl point where the extreme brea.tb 
jlsould be placed, to render the Jl ip more fenfiblc of the power cf the 
helm — — — — — 58 
Remarks on the contents of Lis eight chapters in his $th feci ion ;q 
His tables of dimenfions jor forming fever al forts of b:ws 62. 

N. B. Fig. 67. reprefents the curve forrv.cd by the firit table. 
His conclujion — — — — » 65 

Abridgment of what M. Duhamsl has faid on the center cf gravity 67 
Of what M. Duhamel fays of the ballance — ibiJ. 

His method of finding the center of gravity of lines and Jurfaces 6S 

Of 'fiU'ds — — — - 69 

Of foli ds whofi parts are of unequal weights — 70 

His definition and application of momcta 74 
His method to find the center of gravity of a fi.'ip - 78 

Of the preffure of fluids - - - H2 

He confiders, that the builders may vary the form of the fi.'ip in three di- 
menjions, viz. length, breadth, and thicknefs - 88 

OJ the jritlion, or lateral prejfure of the water - 93 



Digitized by Google 



CONTENTS, 



iii 



*Ta Bevel the cant- timbers by dhgancl ribbands - Page loe 

To Ji'id the tbicknejs of the flank in the direction of t be plane of the 
timbers - - - - - l°3 

Dlmfnfinns of the M.ifts and Yards. 

Extreme breadth and length of the gun deck of thirteen merchant Jlips 106 
A ready way of making a beam mould - - l ot) 

Proportions J or the length of mafls and yards in the royal navy 1 1 1 

— And for their diameters at the partners or Jlings - i la 

— For their diameters at the quarters - - - n ^ 

Explanation of the way of notation in the proportions y and the Jolution 
by the Jliding-rule - ibid. 

Proportions for the heads and hounds of majls, caps, tops, and trujjd- 

trees - - - - ■ i I 9 

Proportions for crofs-trees, lueight of anchors, and dimenfions of cables 

- - 116 

A Table of the number of gum on each deck, their length, 'weight of me- 
tal, and of Jhot - - - - j 17 




Google 



SUPPLEMENT 

TO THE 

PRACTICAL TREATISE 

O N 

SHIP- BUILDING. 



MBOUGUER, in the Preface to his Traite du Navtre,. 
gives an account of the progrefs of fliip-building in France^ 
• with the names of fevcral eminent men who applied themfelves, 
with much zeal, to reduce naval architecture to certain mathematical 
principles; and fays, that at a conference held at Piiris in 1 68 1 , the 
principal dimenfions ufed in France were eftabliflied by an order of the 
arfenal. He makes mention of Pierre *janfje Horn, who, in the begin- 
ning of the laft century, imagined that Noah's ark mould be made the 
ftandard and pattern of the form of a fhip : But M. Bcuguer obferves, 
he did not confider that the ark, far from being deligned to fail with 
any degree of velocity, was built only to full a in a great weight, when 
lying at reft on the furface of the waters of the deluge. Be that as it 
will, it feems, at lead probable, that the firft defign of building floating 
velTcls, was to carry goods from one place to another. 

Now, the propereft veiTcIs for that purpofc would be fuch as coul6 
contain the greateft quantity of goods, and carry them in the fhortdb 
time to the intended port : So that capacity and velocity feem to be two 
eflential qualifications. 

As to the firft, that of capacity, a circle has a greater area than any 
other plain furface of the fame circumference and, confcqucntly, a cylin- 
drical tub would be the propereft form to anfwer the firft end, but the very 
worft for the fecond, viz. that of velocity: For, by what method foever the 
power that fets the veflel in motion is to be applied, it is indifferent wh.it> 
point goes fortmoft ; and if it were applied in an oppoflte direction, the 
S/*p£, A vtfici. 
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vcflel would go as faft a-ftern as a-head, if I tray be allowed that c\- 
preflion, where there is neither head nor Hern. 

A Cube is the next folid of greateft capacity i but this is fubjeel to the 
fame inconveniencies as the Cylinder : Hence wc may conclude, that ail 
floating vefiels may be longer than broad. 

An oblong rectangular parallelopiped will go with greater velocity 
endways than Tideways ; but it will be indifferent which end goes 
ibremolt ; and, befides, this form would meet with great refiftance in 
p ifling through the water. For, let the component parts or* that fluid be 
Tuppoled never fo imall pai tides of a globular form, it is certain they 
muft have lbme kind of cohetion i and tho* they are cafily fet in motion, 
they muft actually be feparated before any body can oafs through them ; 
and any plane moving in a direction perpendicular to itfelf, muft difpkee 
as many of thefe particles as are contained in the area of that plane j and, 
as it advances forwards, will ftill have the fame number ot particles to 
difplacc, before it can go a- head ; hence we may conclude, the parallelo- 
piped will not anfwer the two effential properties. 

Let us next examine, how far the wedge would anfwer thofe pur- 
pofes: This King tapered to an edge at the fore-end, will eafily divide 
the fluid, and the fides will attack the particles in an oblique direction, 
and confequently will meet with lefs refiftance in palling through the 
water. If the particles of water were as cloicly united as thofe of wood, 
perhaps the wedge would be the propereft form to force its way through 
a body of water. But it muft be obferved, that the wedge acts in a quke 
different manner, when cleaving a tree, and when dividing a fluid 5 for 
the parts that unite the tree are feparated at a great diftance before the 
wedge, and the parts through which it has patted are fo far from endea- 
vouring to unite themfelves again, that the extremity of the tree will be 
double its diameter afunder, before the wedge has advanced near the 
other end •, whereas, the wedge has no fooner paffed through the particles 
of water, but they immediately unite as clofe as before, and none of the 
particles are feparated till the wedge actually ftrikes them, and no fooner 
has the wedge forced its way through any number, but it has the fame 
number to encounter, and drags a quantity of what is called dead water 
after it : for, placing a flat piece of wood in the water, at the after end 
of the wedge, it will keep clofe to it, till the wedge alters its direction ; 
for which reafon, there feems to be a neceffity for tapering the after-end 
of the wedge. It muft likewife be obferved, that the mall that forces 
the wedge a-hcad drives it in a direction perpendicular to the after-end j 
whereas the wind that forces a fhip a-head, fometimes ftrikes it in a 

direction 
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dtre&ion oblique to the keel, which will be apt to drive it out of the 
direction of the keel, as is the cafe of a fliip that lofes her rudder : This 
is another reafon for tapering a (hip at the after-end, for otherwifc the 
rudder would have but very little power to keep her fteady in a rtrait 
courfc. 

We have now found, that all fhips mud be longer than they are broad,, 
and likewife tapered at each end : The next thing to be confidered is, 
whether or no the fides fhould be perpendicular to the bottom : In that 
cafe, all vertical fe&ions perpendicular to the keel, and at right angles, 
would be parallelograms, which would be a very improper form for di- 
viding a fluid j for though, by the tapering at the fore end, the refinance 
would be lcflened, yet the particles fliould be fo far feparated as to allow 
the plane of the midfliip frame to pafs through them j and though the 
effort of the fluid upon the mtdfhip frame would be greatly diminished 
by its oblique direction, yet as the fliip would then be as broad at the 
keel as at the water's edge, the bow would meet with great reiiftance 
every time the (hip went about j fo that there feems to be a neceflity, 
not only of tapering them at each end, but likewife from the extreme 
breadth down to the keel. 

The next enquiry mufl be, whether thefe vertical feftions are to be 
limited with curve or ftrait lines, and how to afcertain their form. 

The mathematicians have endeavoured to inveftigate the form of that 
folid which meets with lead refinance in palling through the water ; 
but they have not drawn any practicable rules from thence, to determine 
the form of a (hip and fliould they be fo lucky, after a tedious calcu- 
lation, as to find out the particular form of fuch a folid, it would be of 
little ufe in forming the body of a fliip : For it is fuppoled, that the 
folid is to continue in the fame pofition in the water, otherwife the im- 
merged part will alter its form as often as it alters its pofition, unlefs it 
be, as M. Bouguer would have it, formed by the revolution of a curve 
round its axis. Hence we may conclude, that the particular form of a 
fliip cannot be determined by rules that will admit of a mathematical', 
demonstration. 

The builders, finding they could have very little afliflance from the: 
mathematicians, have applied themfelves to experience; and though they/ 
have not found any particular form which may be a flandard for all 
(hips of the fame burthen, and deiigned for the fame fervice, yet in; 
fome points they fecm to agree. Hence it is, that, in (hips of war, of 
the fame rate, the principal dimenfions are nearly the fame ; and in all 
fhips the midfliip frame is nearer the fore- part than the after-part. For, 
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finding by repeated trials, that a malt or tre?, when tapered, will tow 
falter "through the w^ter with the butt end foremoft than with the lmall 
end, they conclude it wili be fo in lhipsj though M. Buiguer thinks 
the only rcafon for towing the butt end foremoft is, that the rope may 
not flip. The rules given us by M. Bsugm'r, for calculating the refift- 
ance, leeni to be deduced from the fame principles as thole for afcer- 
taining what weight will raife any heavy body on an inclined plane, which 
may be effected with as great certainty as by weights in a pair of fcales, 
as is proved by experiments. 

If the particles that compofe a mafs of fluid were folids of fuch a 
particular quality, that when once feparated, they could not be united 
again, without the application of fome exterior force, the fame rules 
might anfwer in both cafes. But when it is confidered that the particles 
of the fluid have a natural energy, whereby they unite themfelves as 
icon as the force that feparated them is removed, we may hence con- 
clude that every particle has two motions, the one parallel, and the other 
perpendicular to the axis of the ma ft. If the malt were at an anchor, 
floating on the water, and a current fetting parallel to its axis, the fliock: 
fuftained by the maft would be the fame as if the mail were in motion, 
(with a velocity equal to that of the current) and the current at reft. 
It feems probable, that the natural tendency the particles have to unite 
themfelves, will as it were grafp the maft, and retard its motion, when 
the fmall end is foremoft ; whereas, when the butt end is foremoft, and 
hath once opened a paflage, the particles, by their union, will rather force 
it a-head, or at leaft prevent its going a-ftern j and experience feems to 
favour thefe principles ; otherwife a (hip would go fafteft ftern foremoft. 
M. Bougucr tells us, the reafon for making mips fuller before than abaft, 
is, not to make them go with greater velocity through the water; for, 
he fays, that would have a quite contrary effect, but to make them 
lleer well. 

Since capacity is an cfTential quality, the immerged part muft be of 
fuch a form as to be able to fuftain the whole weight of the fhip com- 
pleatly rigged, with guns, ammunition, provilions, ftores, &V. The 
weight of all mips of war, of every rate, is now pretty well known ; fo 
that we may find, by calculation, if the load-water line be properly, 
placed : Dm this is not all that is to be confidered ; great regard muft be 
had to the velocity, (lability, property of fleering well, carrying fail, 
and many other ncccflary and fecmingly oppofitc qualities. How to at- 
tain all thefe qualities has been attempted by feveral eminent mathemati- 
cians and buiidcr?, who, inftcad of determining any particular form, 
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have produced as many different, and feemlngly directly contrary rules,' 
as there are different complexions and Matures among the projectors. 

The mathematicians have given certain rules for rinding the center of 
gravity, both of the (hip when properly loaded, and alio the center of 
gravity of the column of water the difplaces, M. Bouguer likewife gives 
directions how to flow the goods, fo that the center of gravity may be 
properly placed with refpect to the imtacenter and the center of gravity 
of the column of difplaced water j which laft cannot be altered after the 
fliip is built. It is on the proper fituation of thefe that the liability of 
the (hip depends. As to velocity, they have given us rules for calculating 
the refinance of the fluid on the fore part of the fliip : but unlefs it can 
be proved that the velocities are always proportional to the refinances, it 
feems we fhall gain little by this ; as there is no account taken of the 
after body, and in the calculations they fuppofc the fliip to be upright, 
and failing in the direction of the keel ; whereas a fliip often lays her 
fcuppers in the water, when clofe hauled on a wind, and fometimes 
makes two or three points lee way, feldom lels than one j and yet fome 
lliips in fmooth water will then fail within two or three knots as fait as 
when going large. We may venture to aflert, there will be no propor- 
tion betwixt the velocities, and reiiftances in thefe two cafes ; for in the 
firlt all the particles that ftrike the fore part loofe their power as foon as 
they pais the midfliip frame ; afterwards, according to his principles, 
they occafion no refinance - y whereas, in the fecond, every particle has 
its full force, acting on the whole length of the fide, and the area of the 
fection, which in this lalt cafe would receive the perpendicular flicck, 
would be almoft double that of the midfliip frame; add to all this that 
there is room to fufpect thefe rules of being deduced from wrong p in- 
dples, as was before obferved. But admitting all this, and that the velo- 
cities may be calculated, after the ihip is built, and found even by ex- 
perience to be proportionate to the reliflances, what will that avail us, if 
we have no inflructions how to form the body fo, as to be capable of the 
greatefl: velocity, in all pofitiens, conliitent with the requifite capacity, 
liability, &c ? There are other very material points to be confidercd, 
fuch as the center of rotation, or the axis on which the fliip turns when 
ihe inclines to one fide, when flie tacks or pitches ; thefe are continually 
Shifting, as is the point of fuftentation or fufpenfion. 

In all branches of the mathematical fcienccs, there are certain theo- 
rems demonflrated, from whence the practical rules for the folution of 
various problems are deduced, in which there are always fonie necdiliry 
dtita given, by which the unknown things may be difeovered. 
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It is to be wiftied we could proceed in the fame manner, and with the 
(ame certainty, in (hip-building ; but I do not find that any who have 
treated that fubjedt have given us any invariable rules for fettling thefe 
points j and indeed, confidering the infinite number of properties, and in 
ibme cafes fo oppofite to one another, that if any of them be purfucd to 
too great a degree, it will deftroy another very eflential quality. I fay 
confidering all thefe things, it will be a very difficult taflc, if not impoffi- 
ble, to unite them all in one body ; add to this that the different feas, 
and different fer vices in which they are to be employed, will require as 
different forms ; fo that theory alone, without actual experiment, feems 
infufficient to reduce this complicated art to a regular fyftem. I fhall juft 
mention fome of the ncceflary data. 

i ft. The whole weight of the fhip compleatly rigged and boarded. 

This is generally given, both in fhips of war, and in thofc for the 
merchant fervice, being what is generally underftood by tuns j that is, 
builder's tuns; but the truetunnage of moil (hips of war is now pretty 
well known, as the number and weight of the guns, provifions, &c. of 
each rate is eftablifhed. 

2d. The length of the gun deck. 

This in fhip§ of war may be nearly determined by the number of guns. 
3d. The breadth. 

If the fection of the load-water line were a regular curve, the length 
would determine this, and its area might be calculated j and converting 
the whole weight into cubick feet of fait water, and dividing thofe by 
the area of the load-water line, we fhould have the depth or draught of 
water j that is, fuppofing the form of the body to be that of a bathing 
tub, which perhaps would be very proper for carrying goods in a canal, 
where it might be dragged by horfes ; but as fhips are to encounter high 
feas, and fuftain the violence of ftorms of wind, it is plain they will 
require a quite different form. 

4th. The depth of the hold, and draught of the water fore and aft. 

5th. The extreme breadth of three feclions at right angles to the keel, 
• and perpendicular to the plain of flotation ; and likewife the extreme 
heights of thefe breadths, together with the breadths and heights of 
the top-timbers of thefe fections ; one of them to be near the middle, 
another at the after end of the keel, and the third at the beak head. 

6th. The rake of the poft and ftcm. 

7th. The fituation and exact form of the midfhip frame and likewife 
of the other two vertical fections ; and if to thefe three we add the other 

two 



Digitized by Google 



4 



( 7 ) 

two which M. Dubamel calls the balance frames we may fafcJy fay the 
whole form of the (hip is determined. 

The great difficulty will be to obtain thefe data. M. Bouguer % and 
after him M. Dubamel^ hath purfued this fubject as far as the nature of 
theory is capable j from whence they have deduced feveral ufeful prac- 
tical inferences, but have ftill left thefe points undetermined, and at laft 
refer us to the general practice of the moft experienced builders. So that 
what improvements have been hitherto made feem chiefly owing to ex- 
perience and fome think it highly probable that the form which comes 
neareft nature, fuch as that of the fwifteft fifties, will bed anfwer the 
purpofes of (hipping. But here we (hall find ourfelves very much em- 
barrafled - t for fifties are wholly immerged, and the force that moves them 
is wholly in their own power, and they are in no danger of being drove 
out of their intended courfe by an external force, the author of nature 
having furniftied them with every thing that is neceflary, either for pur- 
fuing their prey in a direct courfe, or turning themfelves as occafion re- 
quires i whereas in a (hip, it is quite otherwife, as (he is entirely fubjedl 
to an external force, and governed by the helm ; and therefore her form 
muft be fuch as may be moft capable of receiving thefe impreffions, and 
what nature has denied her, muft be fupplied by art. 

As all who have written on this fubjedfc have left thefe points undeter- 
mined, I (hall not attempt it. I have in the appendix to the firft edition, 
abridged the fubftance of what M. Dubamel has faid in his treatife, and 
in this Supplement fhall extract fome of M. Bouguer's fundamental prin- 
ciples, together with what M. Dubamel has advanced on the center of 
gravity in his fecond edition ; which I (hall endeavour to tranflate fo as to 
be intelligible to thofe who do not understand the French language, and, 
as occafion offers, make fuch remarks of my own as I think neceflary. 
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FROM 

M. BOUGUER's Traite du Navire. 



MB O U G U E R divides his Trcatife into three books, the firft 
of which contains a general idea of the conftruction of (hips, 
• and divers remarks on the common rules, in three fections. 
In the firft feetion, which he divides into twelve chapters, he defines 
the names of the different pieces that form a (hip, and their proportions, 
according to the practice of the moft eminent builders j and likewifc de- 
fcribes the various methods ufed by them in forming the timbers. This 
takes up the firft nine chapters ; for which we refer to M. Dubamel, 
who has given us the fubftance of what M. Bouguer has laid on thofc 
heads, as tranflated in the Appendix. 

In the ioth and nth chapters, M. Bouguer makes fome remarks on 
the form which the common rules gives to a (hip, and by what methods 
they may be amended. 

It would be needlefs, (ays lie, to give any further account of the 
feveral methods ufed by builders to form the figure of their fhips, and 
project the frames j but it feems that all thefe prove, beyond difpute, 
that they have not yet found out a fixed rule. The only reafon why 
they have ufed fo many different methods, is, becaufe they could not 
find the beft. It would have tended much more to the advantage of 
their art, if they had in practice kept by one general rule, and only 
changed fome particular circumftances, carefully remarking the rcfult of 
JOach a change. 

Experience would have proved the beft means of bringing naval ar- 
chitecture to perfection, if the tiling had been poflible ; but it is plain, 
that practice alone is infufHcicnt in many cafes j for, though fome points 
may be determined thereby, yet, with refpect to many others, it ftands 
in need of theory. As nothing but a fincere defire of finding the truth, 
has engaged us in thefe refcarches, we ftull not fail to take proper notice 
of what is good in the common rules, and fliall fupport them by all the 
arguments that may occur to us. I imagine the midlhip frame might 
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be carried further forward, and placed, not at ,V of the keel, but at i\ of 
the length of the immcrged part, or even a little nearer the head. Thus 
it would always be nearer the fore part than the after part ; the fore part 
would be fuller than the after part, and the immerged part would have 
more of the form of a fifh. 

It is well known, that the extreme breadth of every frame is higher 
abaft and afore than in the inidihips, but more on the art part, which will 
make the (hip draw more water abaft than afore, about one fixth part of 
the depth of the hold. As the fore part cannot fo readily divide the 
water, when the keel is perfectly level, as when it is inclined to the (tern, 
it being uncertain what property to afcrihe to it, the mod eligible me- 
thod would, doubtleff, be to try the refult at fea, and make choice of 
what experience indicates. 

Seamen, no doubt, tried to find, her beft failing trim when at fea ; and 
having frequently remarked, that it was neceffary to make her. draw more 
water abaft than before, they eftablifhed it as a law, by obferving it;, 
whereby we mall at leuft gain this advantage, that the fliip will anfwer 
her helm better. This will occafion the decks not to lie parallel to the 
keel j for, admitting they may be of the fame height afore, that they 
are in midfhips, they are raifed confidcrably higher at the poll:, about 
the fixth part of the depth of the hold. 

Now, taking what we have faid for granted, the builder?, after all 
their trials, are very far from having found out the true figure of the 
bow, from whence aboil the whole of the round iliould be taken 
away. 

The decks being fixed will determine the height of the beams ; fo 
the decks will be no where fo high as the extreme breadth of the frames, 
but in midfhips. There is another important reafon for railing the 
breadth higher afore than abaft, though few attend to it. When a /hip 
is clofe hauled by the wind, and lays much over the weather fide, it will 
lofe much of the breadth ; whereas, on the contriry, the lee fide will 
gain confiderably. The fliip then difplaccs a great deal more water on 
the Ice fide, and, according to the manner in which fluids act, fiiould be 
fupported with greater force, and of confequence be able to carry the 
greater fail. Hence it is plain, that, by railing the breadths, we keep 
them as a referve, to be ufed when the fliip ftands moft in need of re- 
lief; that is, when me lays moft over. It may be remarked, that the fiat 
floored (hips have leaft need of raifing the breadths for, carrying all the 
weight of their cargo fo low, they are thereby capable of carrying a great 
deal of fail. Though we cannot abfolutely condemn the practice of 
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making a fliip draw more water abaft than afore, yet we cannot approve of 
any of the rules that the builders have given us to determine the exact dif- 
ference. A fliip may be built to a precife draught of water, by which 
the conftrucYion will be founded on true principles j but when a fliip is 
not built to one precife draught more than another, which is the cafe of 
moft of the (hips that have hitherto been built, it will be very difficult, 
and one of the moft complex queflions in naval architecture to deter- 
mine this precife point : One would imagine there is no more to be done 
but to make the (hip fwim in the water, fo as to be capable of carrying 
the greateft fail j but when a fhip is very deep in the water, this wifl 
greatly increafe the refiftance, and of confequence be very prejudicial to 
her failing. We need not abfolutely find that part which will meet with 
leaft refiftance : When a fliip has but little hold in the water, fhe can 
carry but little fail, arid therefore cannot go fo faft through the water. 
The refinance then muft be calculated, not abfolutely, but relatively, in 
proportion to the canvafc flic fpreads. This will be a moft laborious 
and tedious calculation, as not only the various and irregular curves which 
compofc the body muft be nicely examined, to afcertain the refinance in 
different draughts of water, but likewife the weights of every part in the 
fliip, and in what manner they are flowed ; all thefe muft be given be- 
fore we can determine, in every cafe, the power that will be fufficient 
to fuftain the force of the wind j on which account, it will be proper to 
advifc the mariners to make frequent experiments of the (hip's feat in 
the water ; for the folution of this problem is only an approximation, 
even when the minuteft circumftances are confidercd. It is true, fome 
builders, who would not be ftopt by any difficulties, even fuch as puzzle 
the greateft mathematicians, have imagined they could find out this by 
another method. Many of them pretend to examine the difference of the 
draught of water when the fliip is launched, and would have it to be the 
fame when the fhip is loaded j our readers cannot but pity us, to be ob- 
liged ferioufly to confute thefe and fuch parallel maxims. If a fliip fails 
beft when loaded to the propofed load-water line, fhe cannot fail fo faft 
when fhe draws only one half, or one third part of it : So there can be 
no manner of proportion between a fhip's draught of water, when 
launched and when loaded: And this method propofed fo myfterioufly 
to us by the gem du metier y and received with too much refpedfc by many 
mariners, ferves only to confirm us in our opinion, that very little regard 
fhould be had to all their other rules. 

But if thefe common maxims are found fo imperfect, it muft be ow- 
ing chiefly to the figure they give their fliips ; for it is impofiiblc to 
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dilcover, by practice alone, and by experiments, though never lb often 
repeated, all the properties of an entire fur face, which is an aflemblage 
of an infinite number of curve lines and points. There can then be no 
manner of doubt but it is in this very article the art (lands mod in need 
of amendment. In general, the fore part is too lull, and on that account 
the ribbands that form it are too round. The mariners are very lenfible 
that part fhould not be too fliarp, but they have not adverted that it will 
be fuflicient for that purpofe to carry the midlhip frame further forward. 
It may be, that, confidering all thefe particular?, we cannot always ri- 
goroufly follow the precepts of theory, but it will at leaft be of great 
advantage to know them, that we may have the point of perfection al- 
ways in view, even when we cannot arrive at it, but are obliged to flop 
(bort of it. 

If the floor ribbands were formed only by narrowing the breadths of 
the frames, without any rifing, and terminating the fore part at the ex- 
tremity of the keel, this would occalion the ribbands to be perfect llrait 
lines } by this means, the foremofl frame would be a rectangle, and the 
bow formed by two vertical planes interfecting one another in a vertical 
ridge at the extremity of the fore part, where they would form an acute 
angle. Fig. i, reprefents fuch a bow, wherein the ribbands CA, F D> 
cannot fail of being ftra.it lines. 

But if we give a rifing to the frames, andcut off the bow by the fore 
p^rt of the keel, as in Fig. 2, the ridge A D, or common fection of the two 
vertical planes, would run fo far below it, as is D F, the whole quantity 
of the rifing, and fo the bow could not be formed by plain furfaces; the 
ribbands would become curves, and the more fo, by raiting the point D, 
or augmenting the rifing D F : At the fame time that the figure would be 
more advantageous, it would approach the nearer to a maximum maxi- 
morum, in which re fides the higheft point of perfection. In fuch a cafe, 
the fore part would be the figure of a regular demi-conoid its bafe, in- 
ftead of being circular, would be a rectangle. 

But what is principally worthy of our notice, is, that, according to the 
common dimeniions of fiiips, it always happens, that when the rifing is 
the greatefl poflible, and that all the vertical ridges at the extremity are 
vaniflied, and the fore part has by that means acquired the molt advan- 
tageous figure of any, the ribbands alio, having acquired their greateft 
curving?, will round no more than the arch of a circle of 1 8 or 20 de- 
grees ; or, which is the fame thing, they differ lb little from a ftrait line, 
that the round in the middle is but the twentieth, or the two and twen- 
tieth part of the whole length. Now, taking all this for granted; the, 
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Guilders, after all their trials, are very far from having found out the true 
figure of the bow, which they have been obliged to make almoft ftrait ; 
fo far they are from knowing that rule, which would be fo very ufeful 
to them, and which they may regard as the fecret of their art ; namely, 
that the lefs the riling F D (Fig. 2.) is, or the lower they carry it on the 
frames afore, fo much the ftraiter will they make all the ribbands 
CA.ED.&c. 

What we have advanced here depends on a very complicated theory - r 
one may be very ea lily deceived, feeing the two points which limit the 
curve are fo very near one another, that they will make the ribbands quite 
ftrait, as in Fig. 1, or give them fcarce the round of an arch of a circle 
of 1 3 or 20 degree?, as in Fig. 2 ; they will acquire this laft by increafing 
the height of the rifing line afore ; whereas, by diminifliing the rifing, 
the ribbands will come nearly ftrait. We may, by a diligent attention to 
this fingle maxim, without adhering ftrict.lv to fpecuhtive rules, reap 
the fruit of the whole ; we may keep the form of the midfliip frame, 
but we mall [gain much by making the extreme breadth no more than 
the fifth «r fixth part of the length, if at the fame time we diminifti the 
depth proportionally. This we fhall clearly demonftrate, in another 
place, and likewife this moft furprifing circumftance, that by diminifliing 
thefe two dimenfions, or by increafing the length, a Ihip may be made to 
go fome times as faft as the wind. 

Let us now again return to the ribband?, which may be equally fpneed 
on the ftem, and likewife on the midfliip frame, from the head of the 
floor : It will furftce to make them round no more than the tvventv-fifth 
or thirtieth part of their whole length, whether we make them arches of 
circles, or ellipfes, and then there is nothing to hinder them from being 
formed in the fame manner they ufc to make a fair curve. 

By this means it will be eafy to give the bow nearly what figure wer 
pleafe. After having formed the midfhip frame A D 2 A, Fig. 3, and pro- 
jected the ribbands AW, G Z, &c. take the length of one of thefe, for 
inftance, if W A, the breadth ribband, make the ftrait line W A (Fig. 4.) 
equal thereto, and at the end of it W, draw the perpendicular W v t 
which may be made equal to W A, as the point v may be aftumed at 
pleafure, and draw the line 1; A, on the middle of which erect the per- 
pendicular B C, which muft be the 25th or 30th part of the line v A, 
when that happens to be the length of the ribband, but when it is fliorter, 
as in this cafe, where it is only the projection of it, B C muft be the 10th 
or 1 2th part of it. Then delcribe anarch of a circle thro' the three 
poiats A, C, v- y and dividing the line W v into as many equal parts as. 
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there are to be frames before the midftiip i. draw lines thro* the feveral 
divifions D, E, G, &c. parallel to W A, to interfect the arch v A. Thefe 
transferred to the line W A, will fpace the frames propeily upon the rib- 
band projected in Fig. 3, and will become an arch of an ellipfis, which 
will have but a very fmall curving ; after cue fame manner the other rib- 
bands may be divided it muft only be obferved that by reafon of the rake 
of the ftem the breadth ribband will be longer than the reft-, their lengths 
muft not be reprefenrcd by the line W v but by a ftiorter R Q.. In order 
to afcertain this length, fuppofeofthe firft intermediate ribband of which 
S F is the projection, in Fig. 3 ; if it happens that R A is equal to S F 
it is only transferring the lines !< 1 , R 2, R 3, Ice. to the projection of the 
ribband, which will give the proper fpacings of the frames, but in ge- 
neral produce the line v W, and from any point K, taken at pleafure, draw 
alrait lines to the points 1, 2, 3, &c. thefe lines will divide the line S F 
proportionally to R A } and by this method we may iorm as many frames 
as we pleafe. Inftead of erecting the perpendicular on the middle of 
the line v A, Fig. 4, we may have it at the third part of it, making 
A B double of B v ; the curve A C v mult then be formed by two arches 
of different circles whofe centers muft be in the line C B produced, by 
ufingthe fameprocefsj in all other circun .ftances we fhall imitate that 
curve which is propereft for dividing a fluid. 

The after part may be formed by much the fame methodj the rib- 
bands mould be almoft ftrait, not rounding in the middle above the 25th 
or 30th part of their whole length ; thus the whole fhip will be nearly 
the form of two demi- cones, as in Fig. 5, whofe bafes unite at the mid- 
fhip frame, which feparates the fore from the after part, and mould be 
placed as was before obferved, at T ' x of the whole length from the point 
13, the extremity of the fore part, whereas the general practice is to pre- 
ferve the whole body, or a confiderable fpace, nearly of the fame bulk, and 
at the fame time it will be as fattened to the keel. Although the part 
A FG, which extends at fuch a diftance beyond the keel, may appear to 
be ufelefs, yet it cmnot be wholly retrenched, becaufe of neceility the 
rudder muft be fattened to the ftern poft G A. As to the part B C F, it 
might in a great meafure be taken away, if it could be done without 
prejudice to the faftening of the members together, which is fo requifite 
in forming the body, and were there not another very important reafon 
for not retrenching it, and that is becaufe this will conduce very much to 
her keeping a good wind, when plying to windward : It is true it will be a 
great difadvantage to her in wearing, and make her very fubject to broach 
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too, but to remedy this we need only give her the more head fail, ib 
that we may without any inconveniency unite all thefe advantages. 

It muft be remarked, that when fuch a (hip is formed fo as to fail on an 
even keel, we (hull p;ain nothing by making her draw more water abate 
than afore, the refinance which the fore part meets with in dividing the 
fluid is leflened very little, or fearce perceptible; on the otter hand, the 
ruJdcr cannot fail of producing its effect, becaufe the wat^r will eafily 
ft r ike it with its whole force. When a (hip goes on an even keel, there 
is nothing to hinder us from laying the decks parallel to the keel, it is 
likewiie plain there will be no occafion for laying the wing tranfom lb 
high, it will be fuflicieni to make it higher than the depth of the hold,, 
about the eight or ninth part of that depth. 

All that we have faid belongs chiefly to frigates, that arc built on pur- 
pofe for failing, without regarding their capacity for carrying heavy 
goods. But when this is required or when it is neccfTiry to have fevcral 
decks, and to carry guns, &c. we then form the bow according to Fig. 6. 
At the fame time we maks the whole immerged part fuller, which will 
contribute much to prevent her pitching. Fig. 6 is only a (ketch to 
reprefene things in general j the builders no doubt can reconcile all the 
angles, and breaches, or ridges of this figure : If we give the bow as much 
rifing as pofilble, all the curves which end at the extremity A, will then 
become arches of circles, of 1 8 or 20 degrees j but in diminiftiing the 
rifing, and making the ribband E D" horizontal, that will become quite 
ftrait j the other ribbands as C M will likewife become ftrait and parallel 
to the firft, for the whole fpace intercepted betwixt the planes BFE C, 
and N DM. But the rake of die (tern, together with the inclination of 
the (ides of the foremoft frame B F E C, will occafion the upper ribbands- 
to be curves j the furface D M C E will be a plane, if the -fide E C of the 
midfliip frame be a ftrait line j whereas becaufe E C is commonly a curve 
it will become cylindric, and in every cafe D M will be perfectly equal 
to E C. When the flat E F of the midfliip frame is half the extreme 
breadth, the half breadth L M, which is equal to H C, will be half of 
G C j fo the breadth N M of the bow, above D, at the extremity of the 
keel, will be equal to BC, half the extreme breadth. It will bencedlefs 
to infift on the manner of defcribing the frames ; it is plain that each of 
them, as P R S T, will be formed by two parts perfectly equal to thofe 
BFK, and H E C of the firft, but they approach to one another. The 
diftance R S, at which they muft be placed, will be the flat of each floor 
or frame, and that fiat will diminifh in proportion to the diftance from D,. 
the extremity of the keel. In regard to the part ANMD, it may be 
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termed by producing each ribband, as C M, by an arch of a circle 
A M C M, a ftrait part of the ribband being a tangent to it in the point 
M ; this will occafion the whole ribband CMAto be rounder, which 
will be more fo if we make the flat F E of the midthip frame lefs, 
fincc Ii C becomes greater, and L M is equal to H C. This bow, 
whether we imitate it only in the principal particulars, or conform to the 
whole, will meet with greater rciittance in palling thro' the water than 
that fliewn before : But the great breadths which are carried high, from 
B I C, the fir ft feel ion, to the height above the exremity of the keel, will 
at lea ft make them more capable of fuftaining the weight of the fails. 
This form will make the fhip more capable of relifting the violent pitch- 
ings, occafioncdby the feas ftriking one end of the fhip, which lifts it up, 
the other end at the fame time being plunged into the water, continues 
to fink till it is flopped by the rcliftance of the water, or by the weight 
of that column of water it difplaces. Sometimes the fhip is not (hocked ; 
it is only the fea that loofes its horizontal pofition by the agitation of the 
furfor waves; the fea all of a fudden withdraws itfelf from the bow, 
or from the buttock, which of necefTity will occafion that part of the (hip 
to fall down till it find a fupport : Thefe violent motions may occafion 
the carrying away of the malls, and will always be prejudicial to her fail- 
ing. It is plain there can be no way of preventing, or even diminishing 
thefe accidents, but by making them fuller both afore and abaft ; we mud 
have recourfe to experience to form the fhip fuitable to the particular 
fervice (he is defigned for ; but it is always to be remembered, and it is 
dcmonftrable, that when we have only velocity in view, and are to fail 
in fmooth water, as in the Mediteranean, with fine weather, the form of the 
fhip fhould differ very little from two cones joined together by their bafes. 
In fhort, if the fhip is not full enough for the purpofe, we may continue 
the whole breadth lor a confiderable fpacc ; the fifth, fourth, or at mod 
the third part of the whole length, and then form the fore part by the 
preceding rules. It feems to me, that when we have got a fufficient ca- 
packy in the hold, we fhould raife the floor ribbands afore ; othcrwife, 
the bow would too much obftruct her failing. This laft property is chiefly 
to be obferved in lhips of war, where the breadth is continued ftrait but 
sl imall fpacc. If, inftead of luch a vefTel as is commonly built for a 
trjnfport il.ip, we fhould build a fly-boat; we need only take for a mo- 
del the figure of a rectangled parallelopiped, and form the fore and aft 
part by two inclined planes, giving the ftem and poft a rake. We mufl 
l>- always careful to preferve the two parts reprefented by B C F, and 
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As to the rakc, if the whole length of the fliip be 144, the rake of 
the ftem may be about 44, and when the breadth is continued for a good 
fpace it may be 32, and 68 for the rake of the ftcrn poft. That form of 
2 rly-boat, where wc need only round off the corners, will be the mod 
perfect of any ; and, befides, as a great part of the fide is (trait, it will 
be thereby proper for carry ing'guns, and fit for a fhip of war. 

In the twelfth chapter, which concludes the firft lection, he (hews the 
manner of launching a fhip. 

In the fecond ftclion, our author treats of the furniture of a (hip ; fuch 
as the rudder, capftan, and pumps, which takes up the firft: two chapter?. 
The third chapter is on the cables and anchors. 

The cables and anchors, fays he, arc of indifpenfible ufe to hold a fhip 
when in a road-ftead, where' fhe is often expofed to all the fury of the 
wind and the fea. Every (hip has at lcaft five or fix cables of different 
dimenfions ; and to regulate the largeft, which is called the matter cable ; 
they make its circumference the 24th part of the extreme breadth ; or, 
which is the fame thing, one inch to every foot of the half breadth. 
Suppofe a fhip to be 48 feet extreme breadth, the mafter cable mould be 
24 inches circumference; but if the fhip be 20 feet broad, the cable will 
be 10 inches; and the dimenfions of the other cables will be lefs, and is 
always cftimated by their circumferences. In France, the length of all 
cables, whether great or fmall, is 600 feet, or i 20 fathoms ; for a fathom 
k always accounted five feet. 

It is necefiary to have the cables longer, on which account, they are 
obliged to fplice feveral to one anotheis ends ; but it will be very diffi- 
cult to make them longer in one piece ; the firft threads that form them 
are of double the length, and more: Thofe of a cable of 120 fathoms 
long are ib'o, fo that they loofe a third part of their length in twifting 
them in the manner they do, to make the cable. Thefe threads muft be 
in length and proportion to the propofed length of the cable, the exe- 
cution of which will be attended with difficulty. 

One thing may be remarked, which may ferve in all the different 
forts ; that the weight of one fathom of cordage, in pounds, is nearly the 
fifth part of the fquare of its circumference. This rule will always be 
pretty exact, efpecially, when there is not too much tar put in the yarns ; 
as for inftance, the weight of a fathom of cable of 24 inches, will by 
found, by multiplying 24 by 24, and dividing the product by 5, to be 
1154 pounds, and the whole cable, which is J20 fathoms long, will 
weigh 13824 pounds. The weight of one fathom of a cable of 10 
inches will, by (bis rule, be 20 pounds ; for 20 is the fifth part of Joo, 
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the fquarc of i o ; and the weight of the whole cable of confequence will 
be 2400. The weight of a whole cable may be had at one operation, 
by multiplying the fquare of the circumference by 24. 

The cables would be ufelefs without the anchors, the form of them is 
to be feen in Fig. 7, which is the propereft figure for catching hold, in 
the fand, or in the mud, in the bottom of the fea. The anchors in 
France, England, and Holland, are of forged iron ; but in Spain they 
may be fcen of copper, and ltkcwife, in feveral parts of the South Sea. 

The part A D, is called the flunk, at the extremity of which there is 
a ring E ; A B and B C, are the two arms, K C and I B, the fleucks ; 
the ftock F G, which is of wood, is fixed at the end of the (hank, at 
right angles to the fleucks j the ule of this is to make the anchor fall, fo 
that one of the fleucks will infallibly catch the ground. The two arms 
generally form the arch of a circle, of which the point H, is the center, 
being three eighths of the fhank from the point A ; and each arm is 
equal to three eighths of the (hank, or to the radius } fo that the two arms 
together make an arch of 1 20 degrees : The fleucks are half the length 
©f the arms, and their breadths two fifths of the length of the arms. In 
regard to the thicknefs they generally make the circumference at the 
throat A of the (hank, abont the fifth part of its length, and the fmall 
end two thirds of the throat ; the fmall end of the arms of the fleucks, 
three fourths of the circumference of the (hank at the throat. Thefe 
dimenfions mould be bigger, when the iron is of a bad quality, efpccially 
when we ufe caft, inftead of forged iron. 

When thefe dimenfions are obierved, an anchor of 16 feet 9 inches 
long, will weigh about 7000 pounds ; for the workman making fomc 
of thefe parts not exactly to the dimenfions, will caufe a confider- 
able difference in the weight : But if all anchors were fimilar, which they 
(hould be, their weights would be in proportion to the cubes of their 
flianks. There is a ready way to find the weight of any anchor, which 
is to take the length of the (hank in inches, and divide the cube of that 
by 1 160. Suppofe the (hank 10 feet long, or 120 inches ; we are only 
to divide 1728000, the cube of 120 by 1160, the quotient 1545 will 
be the weight of that anchor in pounds : But if the weight were given, 
and the length required, we muft multiply the weight by 1 1 60, and the 
cube root of the product will be the required length in inches. 

As our author has given us no reafon, why we muft take 1 1 60 for 
a conftant divifor, or multiplier ; I fhall here endeavour to demonftrate 
it : But, firft obferve, that if the length of the fhank of any anchor be 
given, and its weight, we may then find the weight of rfly other anchor, 
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whofe length is given j and, confequently, if the weight be given, we 
may, by the reverfe, find the lengtii, fince all fimilar folids are in propor- 
tion to the cubes of the fimilar fides. Now M. Bouguer has given us 
this j for he tells us an anchor of 16 feet 9 inches, that is, 201 inches, 
weighs 7000 pounds. Hence, we have the following general rule : 
Let a = 201 inches, the given length ; e = 7000 the given weight, 

/' e 

I = any other length j iv = the required weight, then a ' : e : : / ' : — , 

we mall illuftrate this by the logarithms. The queftion he propofes i is, 
admit the length of the (hank 10 feet, what is the weight of the anchor? 

The firft thing is to find the logarithms of the lengths, and, multiply- 
ing that by 3, we have the logarithms of the cubes of the lengths. 

a = 201 2.303196 x 3 is 6.909588 

/ = 120 2.07918 1 x 3 is 6. 237543 

Having thus found the logarithms of the lengths, we have the folu- 
tion by the rule of three, by the logarithms. 

As 201 » 6.909588 
Is to 7000 3.845098 
So is 120 1 6.237543 

10. ob 264 1 
To 1489 3»73°53 

Now as the logarithms of the firft and fecond terms are conftant num- 
bers, inftead of adding the firft and fecond terms, and, from the fum, 
fubtracting the firft ; we may fubtratt the difference of the firft and fe- 
cond terms, which will likewife be a conftant number, and the refult 
will be the fame, as by the following operation. 

The firft term 6.909588 the third term 6.237543 

the fecond 3.845098 difference 3.064490 

difference 3.064490 the fourth term 3. 173053 

The reafon of this isvery plain,for thefum of the fecond and third terms 
is .082641, now out of this we are to fubtract the firft term 6.909588 ; 
which may be done, by firft fubtracting 3.845098 ; and again, fubtrad; 
from that remainder, 3.064400 : Since thefe two numbers make 
6.909588 the firft term, which is the whole number to be fubtract- 
ed ; and if we do not add the fecond term to the third, we have only the 
third term left, which is 6.237543 ; and if from this, we fubtraci the 
conftant difference 3.064490, we in effect fubtract 6,909588, from 
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10.082641, fo the refult muft be the fame, as by the common rule, and 
this accounts for making 1160 a conftant number: For 3.064490, is 
the logarithm of 1 1 60 - t which, by an error in the prefs, is in the ori- 
ginal 3.0644580. 

We may by the fame principles, make a general rule for finding the 
weight of any fliot, whole diameter is given ; but we muft firft find the 
weight of one mot by a pair of fcales. A (hot of four inches diameter, 
is fuppofed to weigh nine pounds j therefore, as the cube of 4 is to 9, fo 
is the cube of the diameter of any other (hot to its weight. 

The cube of 4 is 64; its logarithm is 1.8061 80 j the logarithm of 
9 is 0.954242 i their difference is 0.851938. Hence, we have the fol- 
lowing general rule. From the logarithm of the cube of the diameter, 
fub trad the conftant logarithm 0.851938, the remainder will be the 
logarithm of the weight. 

Example. Let the diameter be 8 inches ; required the weight I 

8 0.903090 

I 

cube 2-709270 
conftant log. 0.851 03ft 
required weight 72 1. 5*5 7 3 32 

This rule may be applied to gauging of fimilar veftels, or finding the 
weight of fimilar folids, which will always be in proportion to the cubes 
of their diameters, or lengths, or any other fimilar dimenfions. 

But if the iolids be of equal lengths, and differ only in their bafes, as 
is the c.tfe of cables j their weights will be in proportion to the areas of 
their bales, or, which is the fame thing, to the fquares of their circum- 
ferences j as, for inftance, if a ten inch cable weigh 20 hundred weight j 
what will a cable of 5 inches weigh ? 

As 100 the fquare of 10 2. 

Is to 25 the fquare of 5 1-397940 

So is 20 hund. wt. 1.301030 

To 5 hund. wt. the required wt. 0.698970 

It is upon this principle the rope table is conftructed, which 19 on 
fome pocket rules. 

To return to our author : Thefc operations, fays he, may be done 
with greater eafe by the logarithms, only taking three times, the loga- 
rithm of the length of the rtiarik in inches, and from thence, fubtracYmg 
the conftant logarithm of 1 160, which is 3.0644580, the remainder 

will 
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will be the logarithm of the weight of the anchor in pounds • but if, ort 
the other hand, the weight be given in pounds, we need only add the 
logarithm of the weight to the conftant number 3.0644580 j and, di- 
viding this fum by 3, we (hall have the logarithm of the required length. 

The fmalleft (hips have five or fix anchors, and the greatelr. generally 
eight. The mariners have different rules for determining the weight of 
the anchors; and, on account of the conveniency of working the Ihip, 
they have eftublimed it as a rule, that the biggeft anchor, or, in their 
terms, the mafter anchor, lhould be three eighths of the beam. 

Another rule, but which does not agree with the firft, as we (hall pre- 
fently lliew, is to make it weigh half rhe cable ; fo a firft rate, which i* 
48 feet broad, and whofe cable is 24 inches circumference, weighs 
13824; her mafter anchor mould weigh 6912 pound?, and the other . 
anchors mould be half the weight of their refpectivc cables. The fmalleft 
anchor is the cadge, or ftream-anchor ; in (hips of the firft clala it mould 
weigh 2300 pounds, and the length be about 1 1 feet 7 inches. When 
the length of the anchors is three eighths of the beam, as in large fhips, 
the weight of the anchor will be in proportion to the folidity of the (hips, 
fuppofing them to be fimilar; and, if the fhip be twice as broad, the an- 
chor will be eight times more weight ; bur, according to the fecond rule, 
the weight of the anchor (hould be half the weight of the cable, and 
the weight of the cable is in proportion to the fquare of the breadth ; 
fince it is only the circumference of the cables thac differ in great and 
fmall fhips, the length being always 120 fathoms in all mips. When the 
lhip is double the breadth, the weight of the cable will then be four 
times more ; and of confeqiien.ee the weight of the anchor, which is in 
proportion to that of the cable, will be half the weight it would be by 
the firft rule j that is, in proportion to the beam. 

Although the fecond rule makes the anchors a great deal lighter, yet 
we may conform to it, becaufe that will be furhcient when it fails in good 
ground ; but when the ground is foft and ouzie, the mariners make ufe 
of feveral expedients to fuccour the anchor ; but the beft of all is, and 
which is chiefly practifed, to fplice feveral cables at one another's end ; 
fo they will rub on the ground, on account of their weight ; and by this 
means, the effort of the fhip, on the anchor, will be diminished. 

A (hip feldom anchors in above 40 fathoms depth, and then it will be 
very proper to have two cables at one another's ends j for, if there is but 
one, the lower part of it will fcarce bear on the ground, and the anchor 
will be obliged to fuftain all the (hocks and jerks of the (hip, which will 
come quite home to the anchor ; it will not pull it quite out of the 
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ground, but drag It, in the fea term j fo the fliip will drive," and be in 
danger of being loft on the firft rocks. Fig. 8, makes this very plain ; 
A D is the anchor, at the bottom of the lea } D M N is the cable, by 
which the (hip rides, of which we have here only reprefentcd the bow ; 
N the haufe-holc, thro' which the cable paffes, between the two lower 
decks ; The rope A B, fattened to the crofs, or throat of the fhank, is 
called the buoy-rope, which fometimes fetves to weigh the anchor ; this, 
in the fea term, is called, weighing it by the hour ; 5 is the buoy, which 
ferves to know where the anchor lies. It is very plain, that, if the length 
of the cable be doubled, or trippled, the anchor will be dragged hori- 
zontally, and with a great deal leis force ; for its effort will be diminifhed 
by the whole power of the friction of the part D M on the ground. 

A fecond advantage is, that by having feveral cables at one another's 
ends, they will be lefs liable to breaking j for all the parts, lying more 
upon a level, they will oppofe the fhocks of the fea in a more perpend i-. 
cular direction to the motions which the fliip receives; whereas, when, 
the cable is not fo long, it will be nearly vertical to the anchor, and there- 
fore cannot bear fuch a ftrain : Let the fpace LO reprefent the force 
with which the fliip endeavours to recoil j and having com pleated the 
rectangle L O P Q, LP, the part of the cable which is the diagonal, 
reprcfents the effort which the cable ihould fuftain, which is greater than 
O L ; and the more it approaches to be vertical, the more it is augment- 
ed, though O L continues the fame. 

It is plain, then, that a fliorter cable is charged with a greater effort, 
and mould therefore be ftronger, otherwife it will only bear the fame 
{train in the proper direction, and will not be fufficient, in an horizontal 
direction, which is that in which the fliip endeavours to drive : It is true, 
the horizontal effort O L is all that is to be refitted ; but then the cable, 
being inclined, cannot reiift this, without being furnifhed with a force 
fufHcient to fuftain the whole effort P L. 

The long cable will not be fo apt to break as the ftiort one, becaufe it 
will bear a great deal more ftretching, before it comes to the greateft 
ftrain ; fo that, at the firft violent tugg, becaufe it will not bear ftretching, 
it mutt infallibly break. 

A long cable may be compared to a fort of fpring, which may be 
very eafily extended j and recovers its firft fituation, as foon as the force 
that extended it is removed. Befides all this, a fliip will ride much 
fmoother with a long cable than with a ftiort one, and be lefs apt to 
plunge in the water ; whereas, as the mariners have too often experienced, 
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when a (hip rides with a (hort cable, (he frequently pitches all the fore 
part under water. 

The fourth chapter is on the power and action of oars ; and, in the 
fifth chapter, he gives the following proportions for mafts and yards. 

All (hips have generally four (landing mafts j the firft is the main-mart, 
which ftands in the middle of the (hip : The fecond is the fore-maft, 
which is pretty near the fore end of the keel ; this is nearly as long as 
the main-maft : The third is the bowfprit, which, inftcad of (landing 
upright, ftives forward, and reds on the head of the ftem : The fourth is 
the mizen-maft ; but fome fmall (hips have not this mad } it (lands abaft, 
towards the poop. Befides thefe, the main and fore mails have top and 
top-gallant mafts, and the mizen-mafta topmaft. All thefe mafts have 
their particular fails, and are named according to their refpective mafts. 

The main-maft is placed in the middle of the (hip, meafured from the 
head of the ftem to that of the poft, or its whole diameter abaft the mid- 
dle of the (hip : All the builders agree in this, but they differ widely as 
to the reft j fome place die fore-maft precifely at the fore end of the 
keel ; others again take the 40th or 50th part of the whole length, from 
the ftem, for its place j and fome will have it (land on the ftem. The 
bowfprit generally (lives, fo as to make an angle of 35 degrees with an 
horizontal line. Laftly, the mizen-maft is about three fixteenths of the 
length of the whole (hip, before the head of the ftern poft : If the (hip 
be 160 feet long, the mizen-maft is 30 feet before the ftern poft. 

In France, the main-maft is generally, in length, twice the breadth and 
half the breadth of the (hip ; whereas, the E/ig/iJh make it only twice 
the breadth and two filth parts of the breadth ; fo, fuppofing the (hip to 
be 40 feet broad, the French builders would make the main-maft 100 feet 
long, whereas the Englifh make it only 96. 

The Dutch make their mafts fomewhat longer than ours, though they 
agree with all other nations in regulating the lengths of their mafts by 
the breadth of the (hip. The head of the mad is always the tenth part of 
the length of the malt. 

The diameter of the main-maft, at the partners, is as many inches as 
three fourths of the extreme breadth is feet ; fo, if the extreme breadth 
be 40 feet, the main-maft will be 100, and the diameter, at the partners, 
30 feet, that being three fourths of 40 ; or, which is the fame thing, the 
40th part of the whole length of a (hip fuppofed to be 160 feet: The 
diameter at the head is generally allowed to be two thirds of that at the 
partners, which will make it 20 inches. 

I mail own, fays our author, it is with violence to myfelf that I 
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am obliged to give a detail of all thefc rules, which have not the leaffc 
foundation in reafon, and are; proper only to be confuted. 

The fore-matt is in length twice the breadth and one quarter more j and 
its diameter, as well as that of the other lower mafts, is about the 39th 
part of the whole length ; other* make it nine tenths of the length of 
the main-mail. 

The length of the bowfprit, is the breadth and half breadth of the: 
(hip, and its diameter the twenty-feventh part of its length ; fo if a ihip 
be 40 feet broad, the bowfprit will be 60 feet long, and 26 \ inches dia- 
meter at the bed, and at the cape it will be half what it is at the bed. 

La'.lly, the mizen-maft i«, in length, the breadth and three quarters of 
die breadth of the Ihip; and its diameter, at the partners, as many inches 
as feven fix tee nth parts of the main breadth is feet, or rather, the forty- 
eighth part of its length. 

Proportions for Top-mafs. 

The maintop- mart, in length, is the breadth and half breadth of the 
fhip, which makes it equal to the bowfprit ; the diameter at the cape is 
about the forty-third part of its length. 

The forttop-mail, in length, the breadth and three eights of the breadth; 
the diameter, at the cape, the forty-third part of the length. 

The mizen-topnv.ft is half the length of the main top-mail; and its 
diameter, at the cape, half the diameter of the main-top-mait. 

The main topgallant- mad is five twelfths of the length of the main- 
top-malt i and it is half the diameter. 

The fore top-gallant-maft is four fevenths of the length of the fore- 
top -maft. 

The fpritfail topmaft is, in length, two fifths of the main breadth, and 
its diameter generally as many inches as there are feet in feven thirty-fix 
parts of the breadth ; that is, fomewhat lefs than the twenty-fifth part 
of the whole length. 

Proportions for Yards. 

The main-yard, in length, is twice and one ilxth part of the main 
breadth; the diameter, at the flings, one inch to every foot in two thirds 
of the main breadth ; or, which is the fame thing, the thirty-ninth part 
of the whole length : The yards arc of a quite different figure from the 
mafts ; they taper from the ilingsj towards the yard-arms ; the diameter, 
at the end, is one third of that at the flings. 

The main-top-fail yard, in length, is the main breadth and quarter of 
the breadth ; the diameter, at the fling*, half that of the main yard, 
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The ma in- top-gallant yard, in length, is three quarters of the main 
breadth ; and the diameter, at the flings, half of that of the main top- 
fail yard. 

The fore yard, in length, is exactly twice the main breadth of the 
fhip ; its diameter, at the flings, one inch to every foot in five eights of 
the breadth. 

The fore- top- fail yard is, in length, the breadth and fixth part j and its 
diameter feven fifteenths of that of the fore yard. 

The fore-top-gallant yard is, in length, two thirds of the breadth j and 
its diameter half that of the fore-top- fail yard. 

The fprit-fail yard, in length, is the breadth and one quarter ; and its 
diameter, at the flings, one inch for every foot in the third part of ihe 
breadth, which will be half the diameter of the main yard. 

The fprit-fail top-fail yard, in length, is three quarters of the breadth ; 
and its diameter feven fixteenth parts of that of the fprit-iail yard. 

The mizen yard is inclined, on account of the triangular form of the 
fail, and is the hypothenufe of a right angled triangle ; it is, in length, 
twice the breadth of the (hip, and its diameter one inch to every foot, 
in one third of the breadth > at the lower arm it is two thirds, and at the 
upper arm one third of the flings. 

The mizen top-man; is, in length, three fourths of the breadth j and 
its diameter, half that of the mizen yard. 

Of the proper Figure of Mafts and Yards. 

Our readers, fays our author, know very well that the mads, as well 
as the yards, are round, like cylinders, or cones j but, perhaps, they ima- 
gine the fides are ftrait. 

The beft mart-makers make the fides of their mafls curves, which 
form an arch of an ellipfe. Our author here (hews us how they form 
thefe curves j for which we refer to Chap. VII. Seft. I. pag. 106. of the 
foregoing Treatifc $ and proceed to the 6th chapter, where he makes 
fome remarks and experiments on the before-mentioned proportions. 

It is eafy to judge, that the dimenfions of the fails are regulated by 
that of the mafls and yards. 

The main-mail, of itfelf, is 120 feet; the main-tOp-mail 72, and the 
.nain-top-gallant mail 30 feet , a monftrous height, when all thefe are on 
end ; and they are proportionally fo in lcfler (hips : If the mariners would 
but attend to what they fee every day before their eyes, they would eafily 
be convinced, that it would be a great advantage to ihorten them prodi- 
gioufly j and, if they pleafe, make the yards longer, to gain what they 
Supp. D lofc 
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lofe in the height of the mafts. A fmall fail, when very high, will 
have more power to make a (hip heel than to go a-head ; becaufe, be- 
ing placed at the end of a long lever, it is removed at a great diftance 
from the center of gravity ; and whereas a larger fail, when placed low, 
has lefs power to heel the (hip ; yet it does not hinder it from exerting 
all its effort in refpect of failing. All that the mariners have to plead 
for this rule is, that experience, and the univerfal confent of all nations, 
are on their fide j but we can afliire them, experience, inftead of favour- 
ing them, makes quite againft them. There are daily inftances of (hips 
being difmafted at fea ; and when they have got up jury-mafts, have failed 
as faft as with the proper mafts ; on the contrary, when they give a (hip 
taunter-mafts, fhe will not fail fo faft as before ; an inftance of this hap- 
pened fome years ago in bis majefty's (hip the Content , which they mafted 
beyond the common rules j or, perhaps, only obferved them to the ut- 
mod rigour, and immediately (he loft a great part of thefc advantages j a 
certain mark that the mafts are too high. 

We perfectly agree, with our author, that when fliips are difmafted in 
a very hard gale of wind, and the fea running very high, they will fail 
better with jury than with their proper mafts, even when the topgallant 
mafts are ftruck, and all their fails handed > but when the ftorm abates, 
and becomes moderate, fo that a (hip can carry top-gallant fails, it is pre- 
fumcd (he would foon run another (hip, with jury mafts, out of fight. 

But the height of the mafts, fays our author, is not the only fault that 
attends thefe rules ; there is another fecret evil which they carry in their 
bofom ; they do not conform to the laws that (hould be obferved in (hips 
of different dimenfions. If one (hip is twice as long, and twice as broad, 
they make the (ails of this laft double the dimenfions of the firft ; but, 
as all (hips are allowed to heel, a fmall (hip (hould have a great deal lefs 
fail, in proportion, than a great (hip: Suppofing one (hip half the dimenfions 
of another, the fmall (hip will only be the eighth part of the folidity, and 
the eighth part of the weight of the great one j and, as it is the weight 
that oppofes the wind, when it makes its effort to overfet, or at leaft: 
to heel the (hip, (lie will have but the eighth part of the abfolute force 
which is necelfary to fuftain the fail j but this fame force, which is di- 
minifhed to one eighth part, is collected in the center of gravity, and ap- 
plied with double difad vantage. Seeing all the dimenfions are lefs by 
one half, the center of gravity will be but half the diftance below the 
deck?, or load-water line j fo the relative force, by which the weight of 
the (hip oppofes the effort of the wind, is only the fixteenth part of what 
the large (hip has. In order to judge if thefe rules be good or bad, we have 
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only to examine if the relative force, which the wind has to overfet a 
fmall fhip, be likewife diminifhed to a iixtecnth part } and, if they agree, 
the equilibrium will not be deftroyed. This will be a mark that the rules 
are perfect, and we may continue to make the mafts proportionate to the 
other dimeniions of fhips. 

But when the dimeniions of the fails of fmaller fliips are half the di- 
meniions of the large, the furface of the fails is only diminifhed one quar- 
ter : It is true, the center of that effort is but halt the height above the 
fhip, and, of coniequence, applied to the lever of only half the length : But, 
when all is confidered, the relative force which tends to overfet, is only 
diminifhed to one eighth part ; whereas the other is diminifhed a fif- 
teenth part, as we have juft now proved. It is plain then, that the force 
of the wind will predominate, being two-fold too great ; fo that if the 
great fhip be properly mafted, the fmall one cannot be fo likewife, but 
will be in danger of overfetting. 

To fpeak in more general terms, the relative force with which the 
fhip oppofes the effort of the wind, is diminifhed in proportion to the 
fquare of the fquare of the keel, or of the breadth and the weight ; or the 
abfolute force is diminifhed in proportion to the cubes. But the relative 
effort of the wind is not diminifhed, but as the cube of the keel, or as 
the cube of the breadth ; fince the abfolute force of the wind, which is 
proportioned to the furface of the fails, is diminifhed but as the fquare j 
and that the height of the maft, which ferves as a lever to that force, 
diminifhes only in proportion to the keel, or to the breadth ; fo, in fmall 
mips, the force which they have to fuftain the preffure of the fails is al- 
ways diminifhed, in a greater proportion, than the relative force of the 
wind to overfet them ; and, of confequence, if there be an equilibrium 
betwixt thefe two forces in large fhips, it cannot fubfift in fmall, the firft 
being too little, and the force of the wind too great. It follows then, 
that the common rules are defective, and will be at lcaft fubject to one 
of thefe two inconveniencies ; for the fmall fhips, being over- .mafted, 
will not be able to carry fail with fafety ; and, on the contrary, the great 
fhips, for want of fufficicnt mafts, will lofe the advantages the taunt mafts 
would procure. 

The common rules being thus found defective, we cannot fubftitute 
others fo fimple in their room $ but, if we had but one fliip properly 
mailed, we might, by that, regulate all the mafts of fimilar, or nearly (i- 
miiar fhips. The relative force which fhips have to fuftain the preffure 
of the fails, is as the fquare of the fquare of their fimple dimenfions ; 
and the relative force, which the mafts have to overfet, is as the breadth 
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of the fails multiplied by the fquare of their height j fince this height 
augments the extent of the fails, and at the fame time makes the center 
<>t their effort higher: On the other hand, we can fcarce difpenfe with 
regulating the breadth of the fails by that of the ihip j we may make 
them more or lefs, but they mould always depend on one another. So, 
fince the relative force of the ihip, to fuftain the preflure of the fails, is 
; s s the fquare of the fquare of the breadth, the relative force which the 
tails have to make her heel is as the product of that fame breadth, by 
the fquare of the height of the maft : But if there be an equilibrium be- 
twixt thefe two forces, there will be an equality of ratios betwixt trie 
two quantities that cxprefs them ; and this equality will fubfift if the 
two quantities divided by the breadth. Hence it follows, that, to have two 
fimilar (hips properly malted, the fquares of the heights of their marts muft 
be as the cubes of their breadths, or of their lengths. This theorem may 
ierve as a rule j and it will always be eafy to determine the dimenfions 
of the mafts of any ihip, provided we have another properly mailed, 
which may ferve as a ftandard. 

It feems there can be no inconvenience in regulating all mafts byihofc 
of the third clafs. In a (hip of the third clafs, which is 137 feet long, 
the fails on the main-maft are generally about 118 feet high. In order 
then to find the height of the fails of a fimilar fhip, which is 83 feet 
long, we have only to make this fimple proportion : As the cube of 137 
is to the fquare of 118, fo is the cube of 83 to the fquare of the height 
of the fails, on the main-mail of the fecond ihip; this fquare is 3096; 
and, of confequence, the required height of the mail is about 554 feet j 
which, by the common rules, would be 714 feet. Tho' this operation is 
not long, it may be fliortened by the logarithms. 

But if the fecond ihip is not fimilar to the firft j if ihe be either 
broader or narrower, deeper or Shallower, the mails muft un4f/go a fe- 
cond change in proportion to the breadth ; that is, if the ihip, which is 
83 feet long, inilead of 23 feet broad, according to the common rules, be 
only 15T, or two thirds of 23, the height of the mail muft be only 37-rV, 
inilead of 55I. It is eafy to remark, that the ihip being the fame length, 
but a confiderable change in the breadth and depth, the height of the mafts 
muft receive a proportionable change. 

For, fuppofing that the breadth of the fails is regulated by that of the 
ihip, and that the height of the maft is likewife changed in proportion to 
the fame breadth of the ihip, the extent of the fails, and, in confequence, 
the abfolute impulfion of the wind, will be in proportion to the fquare of 
that breadth, and its relative force in proportion to its cube j at thei2me 

tim *X 



Digitized by Google 



( 2 9 ) 

time that the relative force with which the weight of the fhip refifh the 
inclination, is proportioned to the fame cube, and not to the fquare of the 
iijuare, fince the length of the (hip is fuppofei ftiil the famej for it 
follows from thence, that the alterations made in the fails, anfwer exactly 
to thofe made in the breadth of the fhip, and that the equilibrium 
is no ways altered. If the breadth be doubled the fails will be 
doubled, both in breadth and depth ; fo the furface will be quadru- 
pled j and, when the height of the center of gravity is likewife dou- 
bled, its force will be eight times greater; but if the relative force 
of the wind, to overfet the fhip, be eight times greater; on the other 
hand, the weight of the Ihip which oppofts that has eight times 
greater force, and then we fhall have nothing to fear. The fliip in 
effect has the fame number of vertical fections perpendicular to the 
keel, which are the elements of the folidity, but each will be quadru- 
pled, and the quadrupled weight of the fhip, being fituated twice 
as low, or with double advantage, fince the depth is likewife dou- 
bled, will have eight times the force precifely, as is neceffary always 
to retain an equilibrium with the effort of the wind. We now perceive 
the propriety of joining this fecond rule with the former, which every one 
may eafily do, who has one (hip properly mafted, by which to determine 
the dimenfions of the marts of all other Ihips, even of thofe which are not 
fimilar, provided the vertical fections of the immerged part be fimilar. 

The firft rule is, that the fquarcs of the heights fhould be as the cubes 
of the fimple dimenfions. 

The fecond is, that the heights of the marts fhould be proportionate to 
the breadth of the fhips, provided they be the fame length. 

Thefe two rules being admitted, we may ufe the beft we can pick 
out of the common rules, and examine the heights of the marts of each 
ihip, as if fimilar to thofe of the third clafs, as they build them at this 
time ; and then we need only enlarge, or diminifh, the fails, and the 
heights of the marts, already found, according as the ihip is great, or 
fmall. 

We may find other rules, which tend to the fame end with the preced- 
ing. As for example, a third is, that in (hips of the fame breadth, but 
of different lengths, the heights of the marts fhould be as the fquare roots 
of the lengths ; for the relative force which thefe ihips have to furtain 
the preflure of the fails, or to oppofe the inclination, is proportionate to 
their lengths j feeing the other dimenfions are no ways altered. The cen- 
ter of gravity is neither raifed, or lowered it is only the whole weight 
that is greater or lefs, according to the length i and the relative force will 
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always be in the fame proportion : But when the breadth of the (hip con- 
tinue the fame, that of the fails will like wife be the fame ; and the re- 
lative force they have to make the (hip heel, depends wholly on their 
height, but that is two ways : The firft is, becaufe the height of 
the mad will increafe the furface of the fail expofed to the wind j the 
fecond is, becaufe the center of effort is raifed, or the lever is longer j fo 
the relative force of the fails increafes the fquare of their heights, and in 
cafe of an equilibrium,that fquare mull be proportionate to the length of the 
fliip, which expreffes the other relative force : And of confequence, the 
heights of the mafts and fails (hould be proportionate to the fquare root 
of the length. Suppofing that, without altering the breadth and depth, 
we mould make the (hip four or nine times longer ; we need only, ac- 
cording to that rule, double or triple the heights of the mafts. Laftly, 
if we add this third to the fecond above mentioned ; namely, that in (hips 
of the fame length, but of different breadths, the heights of the mafts 
lhould be proportionate to the breadth, we may from thence deduce the 
following fourth theorem. 

In (hips of different lengths and breadths, the heights of the mafts 
(hould be in a compound proportion of the breadth and of the (quare 
root of the length, or they mould be as the products of their breadths, by 
the fquare roots of their lengths. 

Such of our readers, continues our author, as are not well verfed in 
geometry, may eaiily be convinced of the truth of the mod part of what 
has been laid on this head, by trying experiments. If the heights of the 
nufts (hould have the fame proportion in all (hips, it rnuft hold in the 
imalleft as well as in the largcft ; and, on the contrary, if thofe rules are 
erroneous, the true way to difcover the fault will be, to mart an enormous 
large (hip by thefe rules, and likewife a very fmall one j perhaps one or 
two feet long ; this will be, as the faying is, hitting the nail on the head. 
We may by this way bring the rule to fuch a proof, as may be deemed 
the true touch ftone. When I was at Havre de Grace, continues our 
author,and ruminating on thefe things, I caufed two fmall (hip to be made 
perfectly equal j and of the (ame form with the GazeJe frigate, building 
at that time for the king. My two fmall (hips were each about 1 8 or 20 
inches long, I cannot be pofitive to the exact length ; but this I may 
venture to aflcrt, that they were exactly (imilar to the frigate, and one of 
*hem mafted according to the eftablUhed rules. I took upon me tomaft 
the other, which I did not to the utmoft perfection, that I might depart 
as little as poflible from the common rules. In (hort> we gave the two 
flaips the fame loading and ballaft, we carried them to a piece of water of 
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fufficient extent for our purpofe, where they were expofed to the whofe- 
force of the wind, which then blew pretty hard ; the experiment was 
icarce begun, when that matted in all rcfpe&s fimilar to the Gazele, over- 
fet topfy-turvy a hundred times, to the great aftonitliment of all the 
fpettators : Not confidering that although all the parts could be made 
proportionate tothofeofthe frigate, but 50 or 60 times lefs than the cor- 
responding parts of the frigate, yet they could not at all abate the fury 
or force of the wind, and by this means they expofed the little (hip to a 
perfect ftorm fo furious, that the greateft fhip could never encounter. 
It is granted, continues M. Bouguer, that the lails of the fmall (hips arc 
60 times lefs than thofe of the frigate ; and therefore the impulfion they 
leceive, will be 3600 times lefs than thofe received by the frigate, al- 
lowing the wind to blow with the fame force, and the effort of the wind 
to overfet the (hip, will be 216,000 times lefs. But the force which 
the weight of the fmall fliip has to recover or right hertelf, is likewife 60 
times lefs, for the weight itfelf is become 2 1 6,000 lefs, and when applied 
to a lever, 60 times (horter, it (hould have 1,296,0000 lefs relative lorce. 
After this, it is no ways furprifing, that the fmall (hip which has 60 
times lefs force, in proportion to the Gazele, to fuftain the preflure of the 
fcils, (hould not for one moment refift the effort of the wind, not even 
when great part of the fails are furled ; and feveral other expedients tryed 
by many who intereft themfelves too much to preferve thefe proportions, 
and fave, ifpofiible, the credit of the common rules. I fairly own that 
the model I made overfet likewife feveral ti.nes ; becaufe, as I obferved 
before, I fatisfied myfelf in making the dimenfions of the mads, nearer 
to the true, only in retrenching (imply the principal defects in the com- 
mon eftabliftiment ; and the wind at the fame time blew in heavy fqualls,. 
but the other fmall (hip, after they had reeft part of their fails, overfet 
20 or 30 times to one of mine, which is a plain proof that, the mafts. 
Ihould not be proportionate to the other parts of the (hip. 

In the leventh chapter, he treat* of the names and ufes of the ropes,, 
which conftitutes the (landing andrunning rigging ; which concludes the 
fecond fe&ion. 

In the third fecVion, he treats of the abfolute relative force of folids„ 
whether wood, iron, or any other metal ufed in (hipping, and endeavours 
from thence to make a general rule, for determining the fcantlings at 
every particular piece of timber in a (hip :. He alfo confiders, whether the 
common methods are fufficient for preventing a (hip's hogging or cam- 
bring i this takes up four chapters j but as M. Dubamel lias given us a 
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table of fcantllngs and dtmenfions, we refer our readers to the Appendix 
for determining that point. 

In the fifth chapter, he gives us the following account of the folid of 
leaft refinance ; that is, fuch as is not liable to be broke in one part 
more than in another. 

Seeing it is certain, that in all bodies whofe elementary flices form 
fimilar figures, the relative refiftances are in proportion to the cubes of 
the diameters of their thickncfs, we may from that principle determine 
the figure of the folid of leaft reliftance, that is fuch as is not liable to be 
broke in one place more than in another. 

Suppofe a power applied to the top A of the body A B, Fig. 9, and 
acts at the upper end in the direction A G, perpendicular to the axis of 
the folid, of which all the elementary flices are fuppofed to be either 
fquares, or cylinders-, this power will have more or lels relative force to 
break the body according to its diftance from that part which bears the 
greatcft ftrain. If that part be near to the top, the relative force of the 
power acting on A will be weak, but ftronger when at a greater diftance j 
it will always be proportionate to that part of the axis A C, which lerves 
as a lever to the power : Now the relative refinance of folids, which are 
as the cubes of their diameters, fhould be equal to the relative efforts of 
the power that preferves the equilibrium ; fo the cubes of the diameters at 
different parts of the lengths, fliould be in proportion to the lengths of 
the parts of the axis; conlequently the folid of equal refinance in all its 
parts, fhould be a conoid formed by the firft cubick parabola. A power 
at eight times the diftance will have eight times the effort to break the 
folid, on which account the diameter at that place mud be double that 
which is at the top, where the power is fuppofed to act. If the power 
is 27 times the diftance, it will have 27 times more purchafe ; but if the 
diameter at that place be three times bigger, it will be able to fuftain 
that whole weight. 

We need not obferve that this fliould be the figure of mads ; it will be 
proper here to fliew how this cubick parabola may be defcribed, which 
may be done by the following method, delivered to us by our author. 

Divide the length into 64 equal parts, and the diameter at the partners, 
into four equal parts. In order to determine the diameters at thefc feve- 
ral parts of the length j at 27 parts of the length, the diameter is three 
fourths ofthatatthe partners ; at 8 of the length of the diameter, half 
that at the partners, and at the firft divifion of the length, the diameter 
one fourth of that at the heel, 
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IvV*. The parte of the length are accounted frorii die top, and in or- 
<ier to find the intermediate points betwixt thefe, fee the following table. 



Partt of 

tb« 
length. 



fngtti 

55 
50 



3-9 1 
3.8 

3-^8 



Part» of 

the Diam. 
length. 



45 
40 

35 



3>5 6 
3-42 
3-*7 



Part* of 

the Diim. 
length. 



30 
25 

20 



3 11 

2.92 

2.71 



Parti of 

the 
length. 



*5 
10 



2.47 
2.15 
1.71 



In regard to the yards, they mould not have the fame figure, they 
mould terminate in a point at each end, and each half mould be formed 
by the revolution of a fecond cubick parabola. It is eafy to perceiye 
me reafon of this difference ; that power which tends to break the yards 
is not only applied at a lefs di fiance towards the extremities, but is alfo 
kfs, becaufe tne effort of the fails being diftributed the whole length of 
the yard, there will be only that force which exerts itfelf on each part of 
the. yard. The whole effort which the maft mould fuftain, is applied at 
the top, fo it is always the fame abfolute force which tends to break the 
maft ; whereas in the yards, the abfolute force is greater towards the 
middle: The middle of the yard has not only the greateft effort to fuftain, 
but this force is. likewife applied at a greater diftance. If we examine 
the effort of the fail at one quarter of the length of the yard, we (hall 
find it but one half of that which it is at the middle, and, befides, the cen- 
ter of its effort is applied but at one half of the diftance. In one word, 
<he relative forces which tend to break the yards are, as the fquare of 
their diftanccs from the next yard arm, and as the refiftance mould be in 
art equilibrium with thefe forces, it muft follow that the cubes of the dia- 
meters be in proportion to the fquares of the diftances from the yard arm. 
Hence, if we divide half the length of the yard into 64 equal parts, and 
the diameter at the flings into 16, the diameter at 27 parts of the length 
accounted from the yard arm, muft be nine fixteenthsof that of the flings ; 
at 8 parts of the length, the diameter muft be one quarter of that at the 
flings, and at one fixty-fourth of the length, the diameter muft be one 
fifteenth of that at the flings. 

Our author, then confiders the mafts that mould be made of feveral 
pieces, being too large for to be made of one tree, and thinks they mould, 
be of a different form ; at the fame time, he tells us, the mariners do not 
-conform to any of thefe proportions; and that they are as much deceived- 
m ref peel of the figure, as in the length j though, they are very fenfible,' 
the figure of mafts mould differ from that of the yards. The builder^ 
however, fays he, have found to as great perfection as poffible the pro- 
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Sortions the diameters mould bear to the other dimeaflons. > for when they 
ifcovered the weakeft part, tbey have made them bigger at that place* 
and, by the mere dint of repeated trials, have brought that poiot to 
as great perfection as could have been done, "by the afliftance of 
geometry. 

In toe fixth and feventh chapters, he confiders the ftrcngth of the 
cordage, which concludes the firft bpok. 

In the fecortd Book, he confiders the (hip when a float, and at reft:. 

In the firft fection, which he divide* into fix chapters, he fireats of the 
weight of a (hip, and the force of the water to fuftaintbat weight. 

Tile firft three chapters are chiefly employed in prelcribing rules to> 
afcertain the precife draught of water a (hip fliould draw, when properly, 
loaded; which he performs by meafuring the immerged part, and 
thereby difcovers if her load- water line correfponds to that in the draught 
thefubftance of which M. Dubamel has. extracted, for which wc refer 
to the Abridgment, Chapter VIII. 

The other three chapters are wholly taken up. in gauging of (hips* 
and determining their tonnage, either in weight or hulk, and regulating 
the fees for anchorage, and other duties,, which are regelated by the 
tonnage. 

This concludes the firft feclion; and, in the fecond, he treats of the 
weight of the ftiip, and the proper pofition of the center of grayity, and 
gives rules for rinding it. This with his remarks, takes up ten chapters* 
which M. Duhamei has given us in his- fecond edition, the traxtflation o£ 
which is hereto annexed, to which we refer } but wc muft not pafs over 
what M. Bouguer, fays of the mechanick way of finding the center o£ 
gravity. 

All the mechanicks, fays he, know h«w to find the, center cf gravity 
of any body by fufpending it. It is worthy to be remarked, continues 
our author, that this method may be very ufeful, and eafily executed in 
the naval arfenals, where they have ready prepared every thing that is 
neceflary for that purpofe : All that k. required is only to make a block 
of wood exactly fimilar to the immerged part of the fhip, and proportion- 
ing all tfce parts of the block to the correfponding parts of the (hip, by a 
feale of one fourth or one third of an inch, or any other convenient fpace, 
to one foot of the correfponding parts of the fliip ; care mult be taken to 
have the wood as light as poflible. The block being thus prepared, may 
be fufpended by a piece of packthread, in different fituations ; if wc con- 
ceive the packthread produced, it will point out the center of gravity. 
Notwithilanding the fimplicity of this practice, our author fays, it will be 
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Convenient on (bine occafions to ufe other methods, which may be more 
directly applied towards finding tht center of gravity.— Thus far our author. 

We (hall here add, that fome ufeful difcoveries may be made by mo- 
dels, or blocks, and this, we conceive, with as great certainty as by cal- 
culation ; for it muft be allowed by the niceft calculators, that the data 
taken from the draught of a quarter fcale, may be liable to great errors i 
but, upon ftrict examination, we may venture to a flirt, that there 
are very few mips that have both their fides exactly equal in every refpedt, 
and there need be no more convincing proof of this, than fufpending 
the block by a piece of pack-thread fattened to a hook in any part of a 
ftrait line, drawn from the middle line of the ftem to that of the poft. 
This hook may be moved forward and aft to different places in the mid- 
dle line, and a plumet fufpended from the upper part of the midline of 
the ftem, and another from the] upper part of the middle line of the 
poft, if the two fides be exactly of equal dimenfions, and likewife 
homogene, they will be of equal weight : A plane pafling through thefe 
thfee lines, whatever part of the middle line the hook be in will likewife 
pafs through the middle line of the keel, ftem, and poft ; a block that 
will ftand this proof may be truly faid to be a moft valuable piece 
of workmanftiip, executed to the greateft poffible perfection, and 
may be deemed the mafter-piece of the art, and muft redound to the 
great honour of the workman. 

The block being thus provided, and fufpended by the hook, *he 
plumb-lines at the ftem and poft at the fame time correfponding to their 
middle-lines, and to that which fufpends the block, We may hold a bat- 
ten out of winding, a term well known to the (hipwrights, with the line 
that fufpends the block, and with a pencil draw a line on the block ; a 
plane paffing through this pencil line, at right angles to the keel, and paf- 
ling likewil? through the line that fufpends the block, will likewife pafs 
through the center of gravity, which, therefore, muft be fomewhere in 
this plane j again, move the hook to fome other part in the middle line, 
and let the block be fufpended from that point ; draw alfo another pen- 
cil line out of winding, with this laft line of fufpenfion : The interfection 
of the two pencil lines will give the height of the center of gravity above 
the keel, and likewife its diftance from the poft and ftem } and if the hook 
be moved to any other parts in the midline, and a pencil line drawn as 
before, it will likewife interfect in the fame point, or let there be never 
lb many points a flamed in the middle line, and the block fufpended by 
«ach, and pencil lines drawn, they will all interfect in the fame point, 
and as the center dl gravity will always be in that plane which panes 
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through. the middle line of the keel, ftem, and poft, it may, wkh cec^ 
tainty, be marked on the draught. 

It mud be allowed this will require the utmoft nicety, and, if well 
executed, will agree exactly with that found by calculation, provided the 
dimenfions be taken with an exceeding good fcale of equal parts, for 
which we judge the diagonal fcale of equal parts in Plate II. of the fore- 
going Trcatife to be fufficient. 

Having thus found the center of gravity of the immerged part, we 
may, by the like procefs, find the center of gravity of the whole fliip,. 
compleatly rigged, mailed, and with all her guns, ammunition, provi- 
Hons, &c . on board. In order to which the model mud be compleated,. 
her upper works, &c . fimilar to the fliip, mafted, rigged, and have the 
fame number of guns, (hot, cafks, caft ballaft, in ftiort, every particular 
fpecies that compofe the whole weight of the fliip, all fimilar to the re- 
fpe&ive fpecies in the fhip, that is, in proportion to the cubes of their 
fimilar dimenfions. All thefe things being flowed in the model, they 
may be Aiifted fore and aft, higher and lower, till fuch time as by re- 
peated trials the center of gravity of the whole fliip may be properly 
fituatcd with refpeft of that of the immerged part. 

It muft be allowed this will require the utmoft care in the execution; 
but it muft likewife be allowed, it will require no left care and accuracy 
to find the exact dimenfions of the feveral fecTions of the (hip, efpecially 
as every dimenfion in the fliip is 48 times bigger than their fimilar ones inc 
the draught, fo that an error of a quarter of an inch in the draught, 
which is only the 48th part of a real inch in the (hip, will occafion an 
error of 1 10592 cubick quarters of an inch in the fliip, provided the er- 
ror be in all the three dimenfions, viz. length, breadth, and thicknefs. 

There are feveral models compleately mafted, rigged, with guns, an- 
chors, &c. proportioned to thofe of the fliip fuch as have thefe in pof- 
fefiion may make feveral ufeful experiments in water - t a few of which, 
we (hall mention. 

Firft, to find the whole weight of a fliip when properly loaded to the 
propofed water-line. 

To attain this, let the loadwater line be drawn with a pencil on the 
model, and loaded till that line come exactly to the water's edge, after 
which take the model out of the water, and let it be fufpended till all 
the water drains off, and then weighed. The following proportion will 
give the weight of the fliip ; j is to the weight of the block, as the 
cube of 48 is to the weight of the fliip. Note t this may be done with- 
out the mafts, and the block may be loaded with fend, or any other 
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portderotis body, that will fink the model to any propofed draught of 
water. If the weight of the fliip be given, we may nod what the weight 
of the block fhould be by the reverie of this proportion. We (hall il- 
luftrate this by an example. 

Example. Admit a model, when properly loaded, weighs 163 ounccs > 
what will be the weight of the fhip in tons ? 

As 1 o. 

Is to 48 1 5-°437*i 
So is 163 2.212188 

Subtract 4.554368 
Tuns 503 2.701543 

As the index of this logarithm is 7, the natural number muft conftfb 
of eight places, and the anfwer will be in ounces, which cannot be had 
in the common tables. We mall therefore reduce them to tons by the 
common rules of reduction. Firft divide the ounces by 1 6,, gives pounds j 
divide the pounds by 1 1 2, gives hundreds j laftly,. divide the hundreds by 
20, and we nave the anfwer in tons. Now all this may be done by fubtracTing 
the fum of the logarithms of thefe three divifors from the fum of the lo~ 
garithms of the firft and fecond term, as in the preceding operation. 

id 1. 2041 20 
ii2 2.049218 
20 1.301030 

Sum 4-55436« 

Hence we have the following general rule : To the logarithm of the 
weight in ounces, add the conftant logarithm of 48', which is 5.043723, 
and from the fum fubtract the conftant logarithm 4.554368 j the re- 
mainder will be the logarithm of the number of tons. It muft be obfer- 
ved, that if the fcale be not a quarter of an inch to a foot,, we muft not 
take the logarithm of 48', we muft find how many of the parts that re- 
prefentsone foot in the draught will make a real foot j as for inftance, if 
the draught be a three eighth fcale, it will take 32 of them to one foot, 
fo that in that cafe we muft take the logarithm of 32' j if by a half inch 
fcale, the logarithm of 24' - t if by a. three quarters, the logarithm of 
i6 J , &c. 

Secondly, we may, by the lame rule, find the weight of the fhip 
when launched : It is only loading the block to the fame draught of wa- 
ter with the fhip when launched, and then taking the weight in ounces,. 

and 
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and ttfe the fame process as before j we may repeat the fame when bat- 
la fled, when rigged, in (hort, we may frod the weight of the mails, guns, 
provifions, <&c. or bow much weight will be neceflary to he put on board 
to make her draw an inch more water. It muft be anderftood that this 
rule will give the tons, in the common acceptation of that word ; for by 
that is meant the builders tons ; for finding which there is an citablilhed 
rule, which may vary according to the cuftom of the place (he is built 
in. The freight of goods in the merchant fervice is either in weight, or 
bulk j the weight is 20 cwt. to one ton, and 40 cubick feet make one 
ton. 

The general rule for determining the tonnage of flips taken into his Ma- 
jejly's ferviee. 

1. Let fall a perpendicular from the back of the main pod at the height 
of the wing tranfom, to the rabit of the keel produced. 

2. Set forward for that two inches and a half for every foot in height 
for the rake of the poft, and from that point meafure to the perpendicular 
let fell from the forcfide of the item, obferving, if the fliip is not on an even 
keel, to make ufe of a fquare applied to the Safe board. 

3. Deduct three fifths of the extreme breadth out of that length, the 
remainder is accounted the length of the keel for tonnage. 

4. Multiply this length by the extreme breadth, and this product by 
the half breadth ; divide this product by 94, the quotient will give the 
required tons; or, which is the fame thing, multiply the length of the 
keel by the fquare of the breadth, and divide the product by 188 ; the 
quotient will give the tons. 

Example, Keel for tonnage 144.5 ^ cct » hreadth extreme 51 * required 
the tons? The following is the operation performed by logarithms: 

51* 3.4 1 5 H o 
144,5 a.i598oB 

S'575°oi 
188 2.274158 

1999 tons 3.300850 

(See this operation performed by ibejliding rultyp. 99 of ibi foregoing Ttratift.) ' 

In the merchant iervice take the depth of the keel belowi the- rabit, 
and- fet that off from the rabit of the- poft, then proceed as befope ; for 
boats, in general, proceed from the back of the poft, and proceed as above. 

It is the general practice of the huildcrs to meafure the tonnage by 
the real dimen (ions of the fliip, when upon the blocks. The huildcrs and 
mariners agree in this point, and experience proves beyond difpute, that 
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few, if any (hips, are exactly fimilar to the draughts; and, indeed, if 
is impoffible they mould, unlefs the thicknefs ef the plank be kid down 
in the draughty which, perhaps, may be one of the moft intricate ope- 
rations in the practical part of (hip-building ; however, I (hall attempt 
it in another place. The chief defign of laying down the propofed di- 
mensions on paper, and then in the loft, is to determine the exact form and 
bevelling of every timber in the (hip, which is now done to fo great per- 
fection in his Majefty's dock-yards, that they want very little reconciling 
when going to be planked. As there is fcarcely a poflibility of afccrtain- 
ing the true dimenfions from a draught, it feems there can be no great 
dependance on the calculations mentioned by our author. He has, to* 
his great honour,, carried his inveftigations to the utmoft nicety ; having 
confidered the minuted circumftances, and the alterations the (hip under- 
goes in all different fituations, and has brought the theory of {hip-build- 
ing to as great perfection as the nature of the fubject will permit, though, 
very few fhipwrights can follow him in his deep refearchcs. 

Qur author, in the eleventh chapter, (hews how to find, by a fimple 
experiment if the center of gravity of a (hip.be properly fituated, even after 
ihc is. built. 

It would, fays he, undoubtedly be of great advantage, after a (hip is 
bulk, riggcd r and loaded, to have it in our power to be well afiured, even 
when (he . is .in the harbour, that the center of gravity be proper ly fituated. 
with refpect to" the metacenter. 

Sometimes there are many things ranged and placed in a very different 
manner. The confumption of ammunition and provifions in a: long 
voyage is very confiderable, and it will be neceffary to know what changes, 
remit from thence ; and this is what may be had by a very limple expe- 
riment. We are obliged for the firft idea of this to Father Hojie. 

If we place a weight P, on the outfide of the (hip O E C,. Fig. io h 
at the outer end of a iparr, laid aero Is the (hip, this will make the 
fhip incline to a certain point, at which time there will be an exact equi- 
librium betwixt the weight fufpended without the (hip, and the whole- 
weight of the (hip, on each fide of the line Y Z y in the direction of the 
vertical effort of the water. The common center of gravity G, is. 
in the fame vertical with the metacenter, when the (hip is in an hori- 
zontal fituation ; by the metacenter our author understands that point,, 
above which the center of gravity mould never be placed. The more 
the (hip inclines, the further will the center of gravity G be removed 
from the line Y Z, the vertical of the metacenter,. and it is plain that 
G T, the diflance from that line* is always in proportion to the fine of 
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the Inclination ; at lcaft, when the inclination is but fmall. Now if that 
diftance, and likewife the whole weight of the (hip be known, we have 
like wife its moment, or the relative force- with which that weight acts, in 
endeavouring to right the (hip, and bring her again into an horizontal fitu- 
ation ; but fince both the fituation, and like wife the weight that produces the 
inclination are known, we may from thence know if the moment of 
one be equal to that of the other, and thereby eafily difcover if the 
center of gravity be in that very point we propofc. 

We cannot be too nice in taking the quantity of the angle of inclina- 
tion, for the fuccefs of the whole experiment depends on this : To attain 
this, we may ufe a level line for the fenfible norizon of the (ea, or a 
plumb-line fattened to the head of the mad, and take its diftance front' 
the foot of the maft, both when the (hip is upright, and likewife when 
(he heels; the plumb line feems to be the moft convenient, becaufc we 
have thereby immediately the proportion in which the center of gravity 
recedes from the vertical of the metacenter, which will always be in pro- 
portion to the diftance of the plumb-line from the foot of the maft. 
We mud be very careful, during the whole time of the operation, to 
render all the circumftances abfolutely the fame, that we may be well 
aflured the inclination is produced only by the weight applied to the out- 
fide of the (hip : No doubt, this will require the afliftance of many 
hands, to put every thing requifite in its proper place, but they muft all 
withdraw, when the diftance of the plumb-line and the other dimcnfionS 
are meafuring. The weight of two or three, or fometimes even ten 
men, need not be regarded ; whereas the weight of the whole crew 
would produce a very fenfible alteration ; and, I conceive, the crew might 
be difpofed to great advantage in this experiment, as they may be eafily 
moved from one place to another. 

We may, by this means, find the center of gravity of the (hip, pro- 
vided we know only the metacenter ; for, having the quantity of the 
weight that produces the inclination, and examining R Z, its diftance, 
from the metacenter, or from the vertical that paflfes through that point, 
and on which the effort of the water exerts itfclf, we have likewife its 
moment, or its relative force, which is equal to that of the weight of the 
whole (hip, fince thefe two exactly ballance one another; fo it is only 
dividing this moment by the whole weight of the (hip, and the quotient 
will give us the diftance of the center of gravity, G, from Y Z, the ver- 
tical of the metacenter. If the weight that makes the (hip incline be 5 
tons, and its diftance from Y Z be 30 feet, its moment will be expreflea 
by t$Qi and if this moment is divided by 1800, which is fuppofed tc* 
i "be 
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be the whole weight of the fhip, we (hall find that the diftance of the 
center of gravity is from the vertical, Y Z, one inch. After this, it will 
be eafy to difcover how far the center of gravity is below the meta- 
center g ; fince there will always be the fame proportion betwixt the 
diftance of the plumb-line from the foot of the mart, and the height of 
the maft, that there is betwixt G T, one inch, the diftance of the center 
of gravity, G, from Y Z, the vertical of the metacenter, and g G, the 
diftance betwixt the metacenter and the center of gravity. If a plumb- 
line, of 50 feet long, is one inch diftant from the foot of the maft, we 
have this proportion, 1 : 50 : : 1 (inch, the diftance of the center of gra- 
vity from the metacenter) : 50 inches, which makes G g t the diftance 
of the center of gravity, below the metacenter 4 feet 2 inches. 

We may remark, that, in order to determine this exactly, it is not ne- 
ceflary to know the precife point in which the metacenter lies ; it maybe 
fuppofed in the middle of the breadth-line O C on the upper deck. 

The fmaller the weight is that makes the fliip heel, fo much the 
greater muft be its diftance from the fhip ; however, an error of fome 
inches, in the horizontal diftance of the weight, will be fcarce per- 
ceptible. 

In fine, where neither the fituatkm of the center of gravity, nor of 
the metacenter, is known, this experiment will at leaft have one confi- 
fiderable advantage, that thereby we may know if thefc two points are 
always fituated in the fame proportion with refpeel to one another. We 
may, by this means, be in condition to reap the profit of all experi- 
ments made in former voyages, and eafily find the ihip's beft failing trim, 
which the mariners call her feat in the water j and it is only by thefe re- 
peated trials, that hitherto they have found it out. Though the buihters 
always draw a water-line on their draught, to determine the precife draught 
of water the fhip will draw when loaded } it is but too true, that they 
have no certain method to afcertain this, and are altogether ignorant what 
fhould be the difference of the draught of water afore and abaft. 

All fhips have a fcale of feet and inches on their poft and ftcm, to 
determine the draught of water afore and abaft : We may, by this fcale, 
difcover if the whole weight, and if the goods be flowed exactly in the 
fame manner, with refped to the length of the fhip, and likewife if the 
center of gravity be properly fituated in refpect of fore and aft. But tho' 
thefe be important difcoveries, yet thefe alone are not fufticient ; for, 
admitting we have all thefe, the center of gravity may be either too 
high or too low> to afcertain which, we muft have recourfe to the pie- 
ceding experiment. Thofe who have the charge of navigating the fhip, 
Supp. F and 
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and flowing the goods, make particular mention in their journals, of the 
weight of the cargo, the number of guns, the exact draught of water 
fore and aft ; they need only make one remark more, which is, to fpe- 
cify the exact weight that will be neceflary to be laid on the outfide, 
in order to make her heel to a certain determined point. 

When all this is given, it fcems we know all the circumftances of the 
weight, which contributes to the fafcty and perfection of navigation j for 
what more can be defired, but the exact quantity of that weight, and the 
precife point in which it is united. It does not appear that the mathemati- 
cians who have examined this fubject, have proceeded on any other fup- 
pofition, than to render our examination compleat : Thefe rcfearches muft 
be carried further. The weight of the fhip may be exactly the fame, 
and the center of gravity may likewife be fituated in the fame point, with 
refpect to its height, and yet produce different effects. The effect will 
be exactly the fame while the fhip continues in the fame fituation ; but 
it will be quite different, when the fhip begins to rowl, and this may 
happen even in a calm, when a (hip has no head way. If any exterior 
caufe, as the continual motion of the fea, or a fudden fliock of the 
waves puts the fhip out of her horizontal fituation, on recovering herfelf 
Ihe contracts a motion which makes her incline to the oppofite fide, and 
her ofcillations continue fomctimes a conliderable while ; becaufe the 
exterior caufe is renewed, and acts a fecond time, which perpetuates the 
motion : This concludes the fecond feet ion. 

The third fection contains three chapters. 

The firit on the point, round which the (hip rowls, and how far the 
weight will conduce to her rowling. 

The fecond. The figure of the fhip being given, and the diitribution 
of its parts, to know the direction of the ofcillations. 

The third chapter is to find the changes produced on the rowling, 
by the tranfpofition of fome parts in the fhip, with fome remarks on 
pitching. 

As M. Dubamets remarks contain the fubflance of what our author 
has faid on this fubject, we refer our readers to our tranflation of his 
tenth chapter of his fecond edition, which is hereto annexed, and pafs 
on to the conclufion of M. Bouguer's fecond Book. 

After expatiating on the great advantages that will accrue to naviga- 
ting, by a proper fituation of the center of gravity. He fays, no labour 
mould be thought too great to obtain it ; and that the builders, endea- 
vouring to make two (hips equal in point of failing, have made their 
bodies fo exactly equal, and of the fame figure, that no difference could be 
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perceived in the very minuteft article : But thefe (hips were fcarce out of 
harbour, when their difference, in point of failing, (hewed itfclf in a 
very great degree, to the extreme amazement of all the beholders. This 
great difference cannot be attributed to the chimerical caufes, for they 
deferve no better name, to which they have recourfe. Whence comes 
this difference, if not from the center of gravity, the fituation of which 
they had given themfelves no trouble to examine, if in the fame place 
in both ? But granting that it may foj yet when the cargo is dif- 
ferently flowed, and (he inclines more, or rowls to a greater or left 
degree; the immerged part ceafes to be the fame, and of confe- 
quence the lhip will, in this refpect be different, and produce diffe- 
rent effects. It may here be a(kcd, if the two (hips were to undergo 
M. Bouguer's experiment, and the center of gravity, metacenter, &c. 
are found exactly the fame in both j and, if then, there mould be 
any confiderable difference in point of (ailing, whence this could arife ? 
For they are fuppofed to be rigged exactly both alike. 

The chimerical caufes, he mentions, are, that fome imagine that a 
(hip's failing depends on driving wedges, in fome particular places j on 
fetting up the rigging, which may be too tight or too flack, on a piece 
of fail being fpread to the wind, or on a weight of j 5 or 20 pound being 
fufpended in a certain place, &c. he fays there arc not wanting feamen, 
who not knowing the caufes of fuch changes, have afcribed them to 
fome fuch caufes, and affured us they have confirmed them by experience : 
And what is (till more ridiculous, it is ufual, on prefllng occafions, to faw 
the gunwalcs,and to loofen fome parts, whereby they imagine the (hip's mo- 
tion will be quicker, becaufe they are more fenfible of her motion them- 
felves. This is, fays our author, as if a poft chaife badly (lung would go 
faftcr, becaufe they who are in it feel themfelves more fuddenly toft and 
tumbled about. What ever may be in thefe remarks of our author, we 
may venture to affert, lhat a fhip, after being loofened, has got away from 
another that has gained on her very faft before. 

M. Bouguer> in his third Book, examines the laws which fluids ob- 
ferve in their (hock j as the wind in ftriking the fails, and the water in en- 
countring the forepart of the (hip : He divides it into fivefections. 

The firfl fection has eight chapters. 

In the firft, he confiders how the impultlon of the wind on the (ails, 
and the (hock of water on the bow, contribute to the failing, which he 
treats in a moft elegant manner, as a fpecimen of which we (ball give 
the following extracts. 

F 2 When 
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When a (hip fails out of the harbour, flic acquires her motion by in- 
finitely flow degrees ; much after the fame manner as heavy bodies, in 
their tall, arrive not at a certain velocity, but by an infinite repetition of 
the action of their weight. 

The firft impulfions of the wind greatly affect the velocity, becaufe 
the refinance of the water might deftroy them, for the velocity being at 
firft fmall, the refinance of the water, which depends thereon, will be 
very weak ; but the faftcr the (hip goes, the lefs will be the force of the 
wind on the fails, whereas it is quite othcrwife, with refpect to the im- 
pulfion of the water, on the bow j becaufe it augments in proportion to 
the velocity with which the (hip fails. So the new degrees, which the 
effort of the fails adds to the motion of the (hip are continually decrea- 
ling ; whilft, on the contrary, thofe which diminifti the refiftance of the 
bow are continually incrcafing. The velocity is accelerated in propor- 
tion as the quantity added is greater than that fubtracted ; but when 
thefe two powers become equal, when the impulfion of the wind on the 
fails, has loft fo much of its force, as not to act but in proportion to the 
force with which the refiftance of the water acts on the bow, in the op- 
polite fenfe j the (hip then will go no rafter, and will fail with a conftant 
uniform motion. The great weight of the (hip may be the caufe of the 
lhip's being fo long in coming to her grcateft velocity ; but this weight 
makes nothing to the degree of velocity ; and when the (hip has once 
come to it, (he afterwards goes on by her own intrinfick motion, and 
flic can neither gain nor loofe any new degree of velocity : She moves as 
by her own proper force in vacuo, without being afterwards fubject, 
either to the effort of the wind on the fails, or the refiftance of the water 
on the bow. If at any time the impulfion of the water on the bow 
fliould deftroy any part of the velocity the impulfion of the wind on the 
fails will repair it, lb the motion will continue the fame ; but it mud 
be obferved this will only be when thefe two powers act in a quite con- 
trary direction to one another ; otherwile, they will not mutually deftroy 
one another. The whole theory of working lhips, depends on this op- 
pofition and perfect equality, which mould fubfift betwixt the impulfion 
of the water, a,nd the impulfion of the wind. 

In the fecond chapter, he treats of the meafure of the abfolute (hock 
of the water, and of the wind. 

When, fays our author, the water, or any other fluid, ftrikes a plane, 
every particle will act with greater or lefs force, according as the direc- 
tion is nearer or farther from being perpendicular. 

The 
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The effort of one particle is cxpreffed by the fine of the angle of inci- 
dence j but at the fame time that each particle makes a greater or fmall- 
er imprcllion, the number of thefe particles will be greater or fmallcr, 
according to their right, or oblique direction ; and this number is like- 
wife exprefled by the fine of the angle of incidence, fo the impulfion is 
in proportion to the fqoare of the fine of the angle of incidence. When 
the angle is right, the impulfion will be the greateft that it pofiibly can 
be j whereas, when it is only 30 degrees, every particle will make only 
half the impreflion, and there will be only half the number that will 
contribute to the fliock, fo the effort will be only one quarter. 

But it is not only the obliquity of the direction in which the fluid gives 
the fliock, that makes the difference j it is likewife more or lefs, in pro- 
portion to^the abfolute velocity, which it has, independent of the obli- 
quity : As foon as the fluid moves fader, the fliock becomes greater, and 
is in proportion to the fquare of the velocity. If the water, which for 
example, ftrikes a furface, acquires three times the velocity, every Angle 
particle will acl: with three times the force j but as there will be three 
times the number that make their effort, the whole fliock will be nine 
times greater. This is a property which is common to all fluids, which 
makes their efforts fometimes very prodigious. Salt-water, for example, 
running at the rate of one foot in a fecond, will have but a fmall effedt, 
but if the velocity is ten times greater, the fliock will be a hundred times 
greater j a force fufficient to break thro* the thickeft dykes. 

Hence, when the fame fluid ftrikes the fame furfaces with different 
velocities and different obliquities, the impulflons are as the product of 
the fquares of their velocities by the fquares of the fines of the angles 
of incidence. 

If not only the velocities, and the fines of the angles of incidence be 
different, but likewife the furfaces ; the impulfion will then be in 
proportion td the extent of the furface, which will, nearly, be as the 
product of the fquares of the velocities, and of the fquares of the fines 
of the angles of incidence, multiplied by the area of the plane, which re- 
ceives the fliock : I fay, nearly, for it may happen that the fliocks are not 
proportionate to the areas of the furfaces that receive them ; for inftance, 
a furface of double the area may not receive exactly double the fliock, 
on account of the greater or lefs difficulty with which the particles 
retire after having accompliflied their fliock. 

Be that as it will ; if the preceding rules be admitted, we need only 
make fome experiments on the fliock of the fluids, by which we may 
judge of the force of the fliock in all other cafes. It may be admitted as 

a prin- 
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a principle eftablillicd by experiments, that the perpendicular fliock of 
fait water, whole velocity is one foot in a lecond, upon a furfuce of a 
foot fquare, will be nearly equal to one pound feven ounces. If the ve- 
locity be greater.the impulfion incrcafes in the duplicate proportion : If the 
lurfaces be greater, the effort is in proportion to their areas, and, laftly, if 
the Ihock be oblique, the impulfion changes according to the fquare of 
the fine of the angle of incidence. 

Upon the whole, if the velocity of water, or of any other fluid, be 
known, we need make no doubt about determining the force^of the mock ; 
but it is not fo with refpedl to the wind. The denfities of the air are 
very variable, and are leldom fufficiently known ; fo it will be better to 
endeavour to determine the force of the wind immediately, without per- 
plexing ourfelves to deduce it from the velocities. There have been 
icveral inftruments contrived by the ingenious for this purpofe j to thofe 
who are not furniflicd with any, I recommend the following, which is 
very fimple, and I found it very ufeful in practice. 

This Anemometer, is only a piece of light pafte-board applied to a fort 
of fteel yards, which performs its office by a fpring. The pafte board 
ABDE, Fig. 1 1, is 6 inches fquare, faftened to the rod C F, which is 
put into the pipe F G, and refts on a fort of fpring in the bottom of the 
pipe ; the piece of pafte-board being placed directly againft the fhock of 
the wind, the rod CF will prefs the fpring with greater or lefs force, in 
proportion to the impulfion of the wind. There is a rowler at F, in the 
mouth of the pipe, on which the rod C F moves, to take off the friction. 
The rod being graduated, we have the quantity of the impulfion of the 
wind, in pounds and ounces, in the fame manner that the ft eel-yard 
gives the weight of any thing elfe ; but as the wind may be variable, 
3ie impulfion may move the rod backwards and forwards ; fo, to eftimate 
the quantity of the impulfion, we muft take a mean, betwixt the leaft 
and greateft. One of the principle advantages of this inftrument is, that 
we need only place the pafte-board parallel to the furface of the fails, 
without regarding the obliquity of the {hock, by this means it will be 
eafier to determine the quantitiy of the whole impulfion that makes the 
fliip fail, and, from that, be able to judge whether the marts will be in 
danger. I prefume it will not be fafe to charge a foot fquare, with a 
weight of fix pounds. In France, the velocity of the wind is about 50 
feet in afecond, if it be in winter j but if in fummer it will be about 60 
or 63, and ftill more, over all the torrid zone. This is only its relative 
velocity, which it has with refpedl to the fliip, whereas, its abfolutc ve- 
locity is much greater, and is fufficient to overfet the fliip, and if on land 
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would overturn houfes, and tear trees by the root out of the ground. The 
reafon of what our author advances here, I take to be, that the houfes or 
trees do not go from the wind } whereas, the maft of the fhip, before it 
break?, forces the fliip a head, and as it were, runs away from the ffroke, 
which cannot be the cafe of any thing that is fattened in the ground. 

The Anemometer may likewife ferve to meafurc the effort of the water, 
as well as that of the wind. In the builder's yards, where they have 
every thing that is needful for the purpofe, they rrwy cafily make a fmaU 
bow of wood, fimilar to the bow of the fliip, and then, inftead of the 
pafte-board A B D E, Fig. 1 1 , fix this fmaU bow to the rod C F, which 
being expofed to the fhock of the water, we (hall then have the quantity 
of the effort in pounds and ounces j we may fee, by the direction of the 
rod, in what direction the bow receives the (hock. Laftly, we may re- 
peat the experiment, by expofing to the mock of the fluid, a plane equal 
to the bafe of a conoid, which reprefents the fmall bow j by which we 
mall percceive how much the mock of the fluid is lefs on the bow, than 
on the midfhip frame. Thefe mechanick experiments may help us to 
judge of the impulfions which furfaces receive in mod cafes ; but the gene- 
ral method is, to reduce the impulfions which curve fur faces receive, to 
thofe which fall on plane furfaces, in order to which the curves mult 
be divided into fuch a number of fmall parts, that they may be deemed 
frrait. 

In the third chapter, the impulfion of fluids, on different figures, is 
confidered j at firft on a bow formed by two ltrait lines. 

Let the bow BAD, Fig. 1 2, be formed by the two flrait lines A B, 
and A D, and the direction of the (hock be in an infinite number of lines 
parallel to the axis A C. The angle of incidence will be equal to the 
angle B A C, or to half the angle BAD, and, if we multiply each fide 
A 8 and A D, by the fquare of the fine of the angle of incidence, we 
mall have the whole abfolute impulfion which exerts itfelf on each fide, 
in the perpendicular direction of the line E F ; let this be reprefented by 
the fpace E F, and form the parallelogram E G F H. The fides E G 
and F H, are parallel to the axis A C, and the other two fides perpen- 
dicular to it. It is plain, that E G and F H reprefent that part of the 
impulfion which exerts itfelf in a direction parallel to the axis ; and it is 
as plain that it will be lefs than the abfolute impulfion, in proportion as 
B C is lefs than A B. Since the triangles ABC and F E G, are fimilar 
BC:AB::EG:EFj fo, inftead of working for the abfolute impul- 
fion on the fides A B and A D, which partly deftroy one another, we 
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need only work for the direct relative impulfions, which act in the di- 
rection of the axis, and mutually aflift one another j but we muft not 
multiply the fquare of the fine of the angle of incidence by the length of 
each lide, A B and A D, for this would give us the abfolute impulfion ; 
we muft multiply the fquare only by C B, or C D. By this means, we 
have the two direct relative impulfions j and then, if we multiply the 
fquare of the fine of the angle of incidence, by the whole bafe BD, wc 
fhall have the relative direct impulfion on the whole bow. 

If the angle at A, formed by the two fides, be 60 degrees, the angle 
of incidence will be 30 ; and its fine, being half the fine of 90, the fquare 
of this fine will be four times lefs ; whence the direct impulfion which 
the bow receives, will be but one quarter of that received by the bafe 
B D, fince the angle of incidence is 45 degrees, and the fquare of it is 
half the fquare of the fine of 90 degrees. 

He then confiders the impulfion of the water on a bow, formed by a 
femicircle, and like wife on a parabolick bow, which concludes the 
chapter. 

In the fourth chapter, he gives a general method of finding the im- 
pulfion on curve lines, which he introduces with the following preface. 

The impulfion of fluids on feveral other curve lines may be had by 
an analyfis purely geometrical j but it will be necefiary to have recourfe 
to algebra in thefe refearches, as it is only by this means we can extend 
our views j for what is proved this way will be univerfal. We conceive 
then, that, inftead of dwelling any longer on an examination which can 
only be applied to particular cafes, we fhould afpire to make our disco- 
veries general, which may be applied to all forts of curve lines that can 
. receive the fhock of fluids. 

Of the Impulfion of Fluids in refpedl of the Axis. 

Let BAD, Fig. 13, be a curve line j A C its axis, A B and A D the 
two branches perfectly equal j let x be the variable parts, AC or A H 
of the axis, and let y be the correfponding ordinates B C and E H j let 
dx exprefs the infinitely fmall parts Hh of the axis, and dy exprefs 
E F, the difference of the ordinates. Again, that I may not have occa- 
fion to return here a fecond time, I fuppofc the fluid to move in the ob- 
lique direction of the lines L e I, Le i, which make the angles F e I 
with the axis of the curve, or with the line eF t which is parallel to the 
axis. Let n reprefent the fine of 90 degrees, m the tangent of the angle 
F*I) then y/n^m 1 will be the fecant of the fame angle. 

The 
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The angle F e I is the oblique angle the fliip's true courfe makes with 
the keel, or the lee- way; now, fuppofing the curve B A D be the projec- 
tion of the bow upon an horizontal plane, and A its extremity, the 
angle of incidence will be E e I, and will be greater on that fide of the 
the curve where the fluid flrikes it more directly, than on the other fide, 
where it is more oblique. From the point I, let fall the perpendicular 
I K, on the fmall part E e t fo mall I K be the fine of the angle of in- 
cidence to the radius e I. 

In order to find I K, the fine of the angle of incidence, our author has 
a very intricate algebraick investigation, by fluxions, and as it may 
be preiumed, many of our readers are not fo well verfed in algebra as to 
follow him in thefe deep refearchesj I mall endeavour to explain the 
whole by right angled triangles. 

All that he propotes by this long procefs, is, to find I K, the fine of 
the angle incidence E e I. 

The angle F*I, the lee- way, is given, which fuppofe n° 15' j then 
the angle F I e t its complement, will be 78 0 45'. 

Let E F be 40 equal parts, and F e 50 equal parts j then E F : F e : : 
R : tan. angle I E K = F E K, now fubtracting the angle I E K from 
90 degrees, we have the angle E I K, and this laft angle fubtra&ed from 
the angle F I e, there remains the angle K I e. The angles being thus 
found, our next bufinefs is to find the fides E e, K I, and e I. 

In the right angled triangle IF*, R : fee Z. F e I : : F e : e I ; again, 
m the right angled triangle IK/, R : fine z.IrK::*I:IK, the fine of 
the angle of incidence. Laftly, to find E e, the fmall portion of the bow 
which receives the mock ; in the triangle F E e y R : fee L. F E e : : 
F e : E e. See this operation by the logarithms. 

EF 40 1.602060 Angle FI* 78 0 45' 

F* 50 1.698970 Angle EIK 38 40 

R Angle KI* 40 05 

Tan. 51 0 20' 10.096890 Angle K* I 49 55 



Com. 38 40 



R- 



Sec. ^.F/rl 11 0 15/ 10.008426 Sine £\ *K 49 9 5$' 9- 88 37 2 3 

Fe 50 1.698970 \e 1.707396 

le 1.707396 IK 1.591119 

R _ 

Sec. /.FE#5i» 20' 10.204267 

E F 40 1.602060 

Ee 1. 806327 

Supp. G Having 
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Having thus found I K, the fine of the angle of incidence, and E e the 
part which receives the mock, multiply this laft, by the fquare of the 
angle of incidence, and the product will be the abfolute impulfion, as by 
the logarithms* 

IK 1.591119 
2 

3.1 82238 
E e 1.806327 

4.988565 

The angle of incidence, on the other fide, will be 27 0 25', the fine of 
which we may find by the fame proportions. 

I ihall only remark on the whole, that our author fuppofes the angle 
of the lee-way to be known, on which the refult of the whole procefs 
depends; and as there is yet no expedient found to afcertain that angle, 
even to a quarter point of the compafs, it is to be feared we fhall gain very 
little by this general rule,therefore it is needlefs to detain our readers on this 
fubject, as the conclufions drawn from them are no ways to be depend- 
ed on. Our author indeed attempts to determine the lee-way, which 
we fhall confider in its proper place. 

The inference he gives, from the preceding procefs, is the refolution 
of this furpriling paradox, as he calls it, which is, that the relative direel: 
impulfion depends neither on the nature of the curve which receives 
it, nor on the length of the axis A C, but only on its extreme breadth 
BD. 

Let the curve B A D be an arch of a circle, parabola, or hyperbola ; let 
it be a geometrick or mechanical curve, &c. fo the breadth continues ftill 
the fame ; the impulfion it receives, in refpect of its axis, by a fluid which 
flrikes it at an angle of 45 degrees, will always be the fame, and equal to 
half the fquare of the fine of 90 degrees, multiplied by D B the breadth ; 
in other words, it will be half of that which D B would receive, fup- 
pofing the fluid fiiould ftrike it perpendicularly j fince that itrait line 
may be confidcred as the curve BAD, fuppofing the axis to be in- 
finitely fmall. 

Admitting all this, our author does not tell us how to apply this to 
the formation of the /hip's body, nor yet how his angle of 45 degrees is 
to be found. 

In his fifth chapter, he confiders the impulfion of fluids on curve fur- 
faces, particularly on a conick bow, and on a conoidalc bow, formed by 
the revolution of an arch of a circle, which he inveftigates algebraically, 

and. 
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ind from thence infer*, that a how, formed hy half the revolution of a 
quarter of a circle, meets with double the refiftance in an horizontal that 
it does in the vertical, and concludes,thatbyconfulting the trigonometrical 
tables, we frail find the whole or abfolute refinance, which is compofed 
of thefe two relative impulfions, exerts itfelf in a direction, which make* 
an angle of about 26 0 34' with the horizon. 

In his fixth chapter, he gives a method to find the impulfion on curve 
furfaces, by dividing them into a number of equal parts, which may be 
deemed plain furfaces, for which we refer to our Appendix, tranflated 
from M. Dubamel's extracts. 

In his feventh chapter, he has fome remarks on the change of the 
impulfions on curve furfaces, when the fluid alters its direction, and ob- 
ierves, that without perplexing ourfelves with examining all the oblique 
courfes a (hip may fail, it will be enough to calculate the refiftance, 
when (he fails in the direction of the keel. It is certain, fays he, that 
the angle the (hip's courfe makes with the keel amounts to an angle of 
45 degrees or 54° 44', to loofe the advantage of the figure, and ftill 
lefs, to change it to a difadvantage. I have, continues our author, in a 
memorial, communicated to the Academy of Sciences in 1733, proved 
this truth a pofieriori. When a plain furface, exactly circular, is expofed 
to the perpendicular (hock of a fluid, the nature of fuch a conoid that 
fhould cover it in fuch a manner, as thereby to meet with the leaft po£* 
fible refiftance, has been difcovered long ago ; but this is limited to per- 
fect conoids alone, and be fides there is room to believe that it will not be 
the fame in a direct and oblique courfe. In order to clear this point, 
which has embarrafTed the greateft mathematicians, I not only aflumed 
any figure for the bafe, but even fuppofed the fluid to ftrike it obliquely, 
and was well recompenfed for my labour, for I thereby difcovered, that 
tho' the conoids of lead refiftance be different for different bafes, yet it 
will be the fame thing in refpect to the impulfion, whether the courfe 
be direct, or oblique to the keel. Hence, lays he, we may be excufed 
from calculating the refiftance in oblique courfes, for it may be attained 
by calculating the refiftance in a direct courfe. We prefume, our author 
means, whatever be the form of that bow that will meet with leaft refif- 
tance in a direct courfe, will like wife be the fqrm of that which will 
meet with leaft refiftance in oblique courfes. 

In the eight chapter, he purfues the fame fubject, and confiders the, 
lateral impulilon, which he concludes with the following remark. 

The bow that meets with leaft refiftance in a direct courfe, not only 
meets with leaft refiftance in oblique courfes,but is that like wife which is leaft. 

G 2 fubject 
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Aibjec"r to drive to the leeward, which is a double advantage gained by 
forming the bow fo as to give it that figure which will meet with lcaft 
refinance in moving thro* any medium. 

Wc have now given our readers a fpecimen of our author's method- 
©f examining the laws which the fluids obferve in their (hock j the wind 
in finking the fails ; and the water in ftriking the fore part of the (hipj 
which he comprifes in the firft feclion of his third Book. He proceeds, 
in the fecond fcclion, by the fame method, to attempt a general folia- 
tion to all the problems relating to working a fhip. 

In the firft chapter, he confiders the velocity of the (hip's failing, ii> 
proportion to the velocity of the wind. 

It has been always fuppofed, continues our author, that the velocity of 
the fhip has no proportion to that of the wind. M. tfOm-cn-Bray wa* 
the firft who thought this fubjecl worthy of our attention, and it feems, 
has defigned to referve the resolution of this queftion to himfelfj the 
principles he was to proceed upon, can only be executed by experiments* 
taken at fea ; but I attempted a direct folution of the problem ; and, con- 
tinues M. Bouguer t as this is entirely my own, I (hall give the following 
account of it r 

Let a (hip be 163 feet in length from the ftem to the ftern-poft, the 
exreme breadth 44 feet 9 inches from out to out. I found the area of the* 
vertical feclion perpendicular to the keel to be about 691 fquare feet. 
This feclion would receive the whole impulfion of the water, fuppofingj 
there was no bow ; but by reafon of the convexity of the bow, the im- 
pulfion will be much lefs; the only difficulty will be to determine how 
much lefs it wHl be. 

In examining a fmall fhip at Croific % I found the (hock of the water* 
on the bow to be one fixth and an half of that on the plane of the ver- 
tical feclion. The area of that plane carefully meafured was 6687 fquare 
mches-j the impulfion it received 66,870,000, whereas, by dividing the 
bow into 18 triangles, and adding up all the particular impulfions of each 
triangle, the whole fum was io,245,735,ncarly the 6ipart of 66,870,000 i 
for 10,245,735 x 6; = 66,597,277.5. 

I imagine that in (hips of war it will be lefs, and may be reduced to 
the ninth part, Co that we may take 77 inftcad of 691 fquare feet for the 
area of the midfhip frame. But having occafion myfelf to vifit- our fea- 
ports, and to know the form of our great (hips, I was forced to acknow- 
ledge that the (hock on the bow was only one quarter,or at moft one quarter 
and an half of that on the midfhip frame. This great difference betwixt 
the large (hips, and the conoid of leaft rcfiftance, isoccafioned from this. 
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The conoid diminifhes gradually from the extreme breadth, at the midfhip- 
frame, which is its bafe ; whereas, in mips, the whole breadth is conti- 
nued for a confidcrable fpace, and then diminifhes fuddenly j which wilr 
liave the fame effect, as if the bow were fhorter, or had lefs rake. In fine, 
according to the prefent form of our fhips, if the area of the midfhip 
frame be 691 fquare feet, we may account about 1 50 fquare feet for that 
which receives the relative direct impulfion. 

We muft now confidcr the effort of the wind upon the fails ; the area 
of the three fails 0:1 the main-mart, fhould be about 1 03 1 6 fquare feet,, 
and if the wind be on the quarter, moft of the fails on the fore-maft will 
bear a part of the impullion, on which account we may add one half more„ 
fb we have 1 5474 fquare feet for the area of the fails that receive the 
mock of the wind j which fhould be equal to the impulfion of the 
water on 150 fquare feet, as was before proved, to which the bow is fup- 
pofed to be reduced j befides the denfities of the two fluids mould be 
confidered, for if one fluid be double or triple the denfity of another, or, 
which is the fame thing, if it be double or triple the fpecifick gravity, then 
the fliock will have double or triple the force. Mercury, for example,., 
with the fame velocity will give an impulfion with fourteen times more 
force on an equal furface, than water ; becaufe Mercury is fourteen 
times heavier than water, and for the fame reafon water will make an 
impulfion 576 times ftronger than the wind, becaufe as M. Mariotte ob- 
ferves, water is 576 times heavier than air, and their impulfions arc as 
the fquares of their velocities. All this being admitted, let the velocity 
of the fhip be 100, then 1 50, the fquare feet that receives the impulfion 
of the water, muliplicd by 576 the denfity of the water, and this product 
by 10,000, the fquare of the velocity, we have 864,000,000, which ex- 
prefles the impulfion of the water on the bow - t and this mould be equal' 
to the impulfion of the wind on the fails, that is to 15,474 fquare feet;, 
the area of the fails multiplied by i, the denfity of the air, and this pro- 
duct multiplied by the fquare of the velocity of the wind, fo if we di- 
vide 864,000,000, which is the impulfion of the water by 15,474, the 
area of the fails, multiplied by j, the denfity of the air, we (hall have 
55,835, the fquare of the velocity of the wind j the fquare Toot of which, 
is nearly 236. As this is only the velocity with which the fails are 
(truck, we muft add to that, the wh«le velocity of the fhip, which 
makes the abfolute velocity of the wind 336 j hence, the velocity of the 
wind is to that of the (hip's failing, as 336 is to joo. It muft be re- 
marked, that if inftead of 576 we take iioo for the fpecifick gravity of 
water to that of air, we fhall find the velocity of the fhip to that of the 

wind,, 
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wnd, as too is to 419 ; we (hall take a mean betwixt thefe two, be- 

caufe 576 and uoo, compared to unity, are near the limits of the pro- 
portion the denfity of the air bears to that of the water. 

From the whole, we may conclude, that the beft failing fliip's go with 
two fevenths of the velocity of the wind ; when the wind blowes two or 
three times ftronger, the. impulfion will be four or nine times ftronger, 
but the ihip will fail only two or three times fader, becaufe the impul- 
fion of the water will be four or nine times ftronger. Notwithftanding 
all our author has laid on this fuhjecl, he tells us it cannot be ftrictly ap- 
plied to all forts of fliipf , fo that the beft that can be faid of it is, that it may 
be an approximation, bat feems to be of very little fervice in forming a 
ihip's body ; I (hall therefore, only mention the heads of what he fays in 
the following chapters, with fome remarks as they occur. 

Chapter II. Of the changes which the motion of the furfaces pro- 
duce on the (hock they receive. 

The impulfion, fays he, will be confiderably lefs becaufe the motion 
of the furfaces makes the fluid, as it were, loofe a part of its velocity ; he 
concludes this chapter with examining the fails of a wind-mill. 

Chapter III. Of the changes which the motion of the (hip will pro- 
duce on the force and apparent direction of the wind. 

Suppofe, fays he, the velocity 50 feet in one fecond, and the force on 
a foot fquarc fix pounds i the area of the fails 1 5,474 fquare feet being 
ftruck perpendicularly, will receive an impulfion of 92,844 j but, fuppo- 
fing the angle of incidence about 1 9 and a half degrees, the fine of which 
is one third of the radius, the impulfion will thereby be diminiflied to the 
ninth part ; and if, by the motion of the fhip, the velocity of the wind 
be diminiflied to 25 feet in a lecond, that is, to half the abfolute veloci- 
ty, the impulfion will be four times lefs, and, confequently, the whole 
will be 36 times lefs, and reduced to 3 863 J. pounds. 

It is plain our author fuppofes the abfolute velocity of the wind, the 
angle the wind makes with the meridian, with the keel, and with the fails, 
to be given, and likewife the angle the fails make with the keel, and the an- 
gle of Ice- way ; hence the conclufions deduced from fuch uncertain data 
muft be more uncertain ; our readers will, therefore, we hope, excufe us for 
omitting the application. We fhall only obferve, that in calculating the 
angle of lee-way, he condemns the common vanes, which, he fays, de- 
ceive us very much in determining the angle the wind makes with the 
fails, and recommends a quoit, fuch as children play with, as better a- 
dapted for that purpofe than any other inftrument hitherto invented. 
The principle from which he calculated the lee-way, is, fuppoling the 
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angle the fails make with the keel be 60 degrees, and the lee- way, at the 
fame time, four degrees, from thence he proportions the lee- way to all the 
angles the fails make with the keel to 30 from 90 degrees. The experi- 
ence of all mariners is fufficient to confute his theory, and, it may be pre- 
fumed, the rules given in our Englifo navigation books, by allowing the 
lee-way in proportion to the fail a fhip carries, may be much more de- 
pended on, as they have been calculated from the journals of the ex- 
perteft mariners ; for, after all his refearches, he refers to experience to find, 
out this angle of four degrees, which he calls the lee-way ; and tells us, the 
mariners find it by fetting the fhip's wake in the water. This has been 
the fubjecT: of his IVth chapter j and in 

Chap. V. he treats of the different velocities of the fhip, in different 
oblique courfes, and from his procefs infers, that, in order to double the 
velocity of the fhip's failing, fhe muft fpread fixteen times more canvafs. 

The Vlth and Vllth chapters contain the conftru&ion of tables to af- 
certain the velocity of the (hip's failing, which concludes the fecond 
lection. 

In the third fection he confiders the fliip with refpect to her propriety 
of fteering well, either by means of the rudder, or of the fails. 

The firft chapter is upon the fituation and number of mafts, and on the 
equilibrium, which fhould fubfift betwixt the head and after fails, out 
of which we fhall make the following extracts. 

The principle, fays our author, having been already cftablifhed, touch- 
ing the equality and perfect oppofition which fhould fubfifl: betwixt the 
impulfion of the wind, and the impulfion of the water, we may, from 
thence, deduce a fure method for placing the mafts. If the fhip has but one 
mall, it muft be, of neceffity, in the point C, Fig. 14, which is the in- 
terferon of the diredionof the fhock of the water with the keel, in 
oblique courfes ; but if in place of one we put more mafts, they muft be 
before and abaft the point C, in Z and Y, fo that the fails on each fide 
that point be in equilibrium j it is of great importance to determine this, 
point C. According to the ordinary form of our fhips, the line of di- 
rection F C interfects the keel in about two ninths of the length from 
afore, or nearly five fixteenths of the whole length of the fhip ; that is,, 
let B A, the length from the head of the ftem to the poft be 160 feet, 
C A will be about 50, this will not anfwer in all fhips. If the fhip be: 
formed by two cones joined at the fame bafc, one for the fore and the. 
other for the after part, the fore part five twelfths and the other part, 
feven twelfths of the whole length, and the extreme breadth one quar- 
tet of the whole length, C A. will then be about 48} of the whole-- 
length ii 
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length •, but if the breadth DF be the fixth part of the length A B, then 
C A will be only the 46th part of the length. 

It muft be remarked that thele lengths agree only to the point C in 
its firft filuation, or nr-ft oblique courfes. 

Without being at the trouble to find this point by calculation, it may 
be done by a fimple experiment, on a model of two feet long, or on a 
ihip already built, by hauling it in the harbour with a tow line fattened 
to one fide of the bow •> if this line be produced it will interfeel the keel 
in the required point C. This point being once determined, we can place 
"but one mail in that point, or if it be requitite to lave more, they muft 
be placed on each fide in fuch a man ler as to pixkrvc an equilibrium 
betwixt the fails ; for inftance, if we place the malt in Y, at lefs than 
the tenth part of the length from the center of effort C, without altering 
the other mafts, the fails muft be enlarged in the fume proportion the 
diftance from the point C is diminifhed 

It may be demonftrated, that (hips that are built on purpofe for failing 
<hould be made confidcrably longer, or which is the fame thing narrower 
at the Came time the fails muft be narrower ; and then we may have 
four inftead of three (landing mafts j it is only by experience we ftiali 
difcover if the thing be practicable ; but they muft be fo placed that the 
total of the moment of the head fails be equal to the total of that of 
the after fails, on each fide of the point C : We may eafily difcover if 
the equilibrium betwixt them fubfifts. 

The area of the main and main-top-fails of a fhip of the firft clafs is 
about 9500 fquare feet, and that of the fore and fore-top- fails, about 
8040, nearly, in an inverfe proportion to their diftar.ces from the point 
C, and multiplying each area by its diftance from the point C, we have 
their refpective moments. The diftance of the main-fail from C is 324. 
x 9500 makes 306,375 its moment, and the diftance of the fore-fail 
x 8040 makes 309,540 the other moment. 

We may without doubt narrow the fhips confiderably, if we be allow- 
ed to increafe the number of the mafts j if we have four mafts the fore- 
niaft Z muft be as near as poftible to the point A, the extremity of the 
bow, and two main- mafts, one in P, if poftible before the point C, and 
the other in Q abaft it, and likewife abaft the middle of the fhip j the 
fails of thele three will be in a perfect equilibrium, or which is the fame 
thing, the moment of the two firft will be equal to the moment 
of the third, obferving, at the fame time, to make the fpace PQ a 
little more than the fpace P Z, nearly in proportion, as the fum of 
the areas of the two main-fails is more than the fum of the area* 
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Xtt the other main-fail and fore- fail. Laftly, the mizerf-maft muft 
always be in Y, or a little further aft. The ufe of the fail on this 
ma ft is to preferve the equilibrium, when the fca takes the (hip on 
the after-poft, fo that the point C comes nearer the middle of the (hip. 
The fails on the bowfprit have likewife their proper ufe and have a con- 
trary effect to that of the mizen. 

Our author then tells us, that if we pu(h this to the utmoft rigopr, 
we may, inftead of four, have a great many (landing marts, and gives us 
a rule for placing them properly ; but as it may be prefumed this is an 
experiment that will fcarce ever be tried, I (hall omit it. 

The fecond chapter is on the figure a (hip (liould have in order to 
make her fteer ptrfedtly well with her fails, of which we here fubjoin 
fome extra&St 

The only means, fays our author, to attain this is to make it fo that 
I C, Ftg. i c, the direction of the (hock of the water in the oblique 
courfes, (hall always pafs thro* the center of gravity G : This has put the 
builders under a neceffity of making the fore part full, tho' they alledge 
a quite contrary reafon for doing it j which is, that thereby a (hip will 
divide the fluid with a greater eafe j and to prove this, they tell us that 
fi(hes are broader at the moulders and head, than at the tail, and that a 
maft will tow bed with the butt end foremoft ; thefe pretended reafons 
have gained fuch credit as to be adopted by feveral eminent mathema- 
ticians ; but they do not confider that the author of natuie created 
fifties, living creatures, with a head, ftemach, £?<:. and it is not certain 
that their form is the propereft for dividing a fluid, fince perhaps they 
mud loofe fome part of that advantage, in order to gain fome other of 
which we are altogether ignorant. As to the mad, the only reafon for 
towing it butt end foremoft, I think, Is, that the rope may not flip over 
the end ; but, continues our author, we may reconcile the whole,, by 
faying, that this form is proper, not to make the (hip fail fafter, for we 
are fure it will have a quite contrary effect, but to make her fteer well. 
It happens unluckily, that we muft loofe a little of the firft advantage to 
gain fome of theother, and as we have not arrived at that perfection, to 
ballance them perfectly, becaufe they are of different kinds, we muft 
have recourfe to experience, to difcover the proper mean betwixt the 
two : Notwithanding, our author feems here to think that making a 
fliip full before (hould not be, becaufe the form would thereby refemble 
that of fifties ; yet, in Page 59, he tells us the midfhip framo 
mould be placed at five twelfths of the length from afore, and gives for 
one reafon, that thereby the immerged part will better imitate the 
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figure of fifhes j and here, after all his laborious calculations, refers us'to 
experience, which may poflibly give it contrary to his theory. 

He afterwards propofes Noab's ark, or the Chinefe junks, as beft 
formed for fleering, tho* not for failing ; and, befides, they will be very 
fubject to drive to lee- ward j and the like may be laid of any other form 
which will make a fhip fleer well ; and this he endeavours to prove by 
confidering a fhip formed by two cones ; he chufes that figure not only 
to render his refearches more fimple, but becaufe, he fays, that figure 
differs little from the form of the folid of leaft refiftance. The inference 
he deduces from his algebraick procefs, feems to be only this, that thefe 
two properties of fleering well, and failing faft, are incompatible j and, 
therefore, we mud part with a little of the one, that we may not loofe the 
whole of the other. I fhall only remark, that the mariners have adapted 
a direct contrary maxim, that is, that a fhip that goes well, will undoubt- 
edly fleer well, which has been confirmed to them by experience. 

In the third chapter, he endeavours to determine the exact point 
where the extreme breadth fhould be placed, to render the fhip more 
fenfible of the power of the helm. 

Many mechanicks, fays our author, have long ago dilcovered, that when 
a power is applied to the extremity of a rod of equal weight throughout, in 
order to make it turn, the point of rotation will be about two thirds of the 
length j the rod being fuppofed of equal weight in all its parts ; from whence 
our mariners infer, that the extreme breadth of the fliip fhould likewife be? 
two thirds from afore, without confidering the cafe may be different. It 
has been the general practice to have it at that place, tho' they have 
by degrees drawn it nearer the middle, to render the bow fharper, and 
diminilh the refiftance ; but it is certain, that, by fuch a change, they very 
much aflift the action of the rudder, and herein is one of the particular 
circumftances, where we had better be entirely governed by experience, 
than by theory which continues imperfect, becaufe it has not beenpufhed 
to a fufficient pitch > however, after a long algebraick procefs, he infers, 
that it fhould be placed neither at the middle, nor at two thirds, but near- 
ly betwixt thefe two points, or about the twelfth part of the whole 
length before the middle. 

In the fourth chapter is his method of knowing if the fliip, that is 
propofed to be built, fhall fleer eafily j or an examination of the motion 
which a body fhould take, when two powers exert their force, in con-» 
trary directions, to turn it on different iides. 

The fifth chapter is only the fequel of the preceding, and, after exa- 
mining the quantity and pofition of. the fails, lie concludes, that in that 
article, they had too much regard to the failing, to the prejudice of her 
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fteerage ; to remedy which, he fays, we muft either give the (hip more 
head-fail, or if (he is not yet framed, carry the midfhip frame farther 
forward. This ends his third fection. 

In the fourth fection, he examines a (hip with refpect to the qualities 
beft adapted to make her carry a good fail, in eight Chapters. 

Chap. I. Of the mutual vertical effort formed by the united impul- 
fions of the wind upon the fails, and the water on the bow. 

Chap. II. Of the different ftations of the fhip, occafioned by the mu- 
tual vertical (hock of the wind on the fails, and of the water on the bow ; 
and the conditions requifite for properly mailing a fhip. 

Chap. III. General principles to determine the greateft height the 
mafts may have, fo as not to be in danger of being difmafted, with 
fome remarks on the power a fhip of each clafs has to carry fail. 

Chap. IV. The fequel of the preceding ; to determine the limits of the 
higheft maft, and the application of that rule to a fhip of the firft clafs, 
and the Gazele frigate. 

Chap. V. After anfwering fome objections, he examines what di- 
menfions of the fails fhould be enlarged j and if proper to make the 
mafts of a fhip of different heights. 

Chap. VI. To determine the moft advantageous fet of marts for a 
fhip already built, the draught of water being affumed at pleafure. 

Chap. VII. Of the form a fhip fhould have in regard to her girt, 
beft adapted to make her carry a good fail, and go faft thro' the water. 

Chap. VIII. Of the girt of a fhip, in refpect of her length, moft con- 
ducive to make her carry fail, with the means which may increafe the 
velocity of her failing to a very extraordinary degree. 

Our author fuppofes the following particulars to be known, or at leaft 
attainable, by his preceding rules : 

i ft. The direction in which the fhock of the water ftrikes the bow : 
This exerts itfelf in a double capacity, for it not only endeavours, by the 
refiftance, as it were, to pufh her a ftern, but likewife lifts up the bow ; 
this angle, in his calculation, he fuppofes to be 48° 20', which the line 
D H, Fig. 16, makes with the horizon. 

2d. The line S K, reprefenting the direction of the wind on the fails, 
that is to fay, the angle that line makes with the horizon j for tho' the 
wind always moves nearly parallel to the horizon, yet the impullion on 
the fails is in a perpendicular to their furface, and if we conflder the 
whole as united in I, the middle of the fail, the impulfion will be in a 
direction, perhaps not parallel to the horizon. 

3d. The whole force of the fhock of the wind on the fail, which, he 
fays, may be had by an Anemometer. 

Hz 4 d.Thc 
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4th. The point N, which he calls the vdtque\ to determine which* 
we are to erect a perpendicular V T to the water line, to pafs thro' the 
center of gravity Y ; the interferon of this line, with the lineDH, 
will give the point N, thro' which S K muft pafs ; and when the center 
of the effort of the wind partes thro' this point, we may, without run- 
ning any rifk, give the fails what extent we pleafe j it is prcfumed, 
our author means, this mould be in the middle of the main-fail, but, he 
lays, if the mart be higher, it may be of dangerous confequencc. 

5th. The center of gravity of the immerged part, the center of gravity 
of the whole (hip when loaded, and the metacenter ; likewife their por- 
tions and refpective diflances from one another. 

6tn. The weight of the whole (hip when loaded, and the exact 
draught of water* He fuppofes, in a nrft rate, the center of gravity to. 
be two feet below the metacenter, and the center of gravity, by the in- 
clination of the fliip, to be moved four inches from the vertical parting 
thro* the metacenter, in which it was when the (hip was upright j he 
likewife fuppofes the greateft inclination in a fliip of the firfl rate to be 
9° 30'. The inference deduced from thefe data is in page 564, that 
mips that are built on purpofe for failing cannot be too narrow, fo their 
length be preferved, and aflerts, that to have a fliip abfolutely perfect, me 
muft be infinitely narrow, on which account (he muft have an infinite 
number, of mads and fails, and, in page 566, he affures us that a frigate, 
which is 18 or 19 times longer than me is broad, will fail farter than the 
wind, and. if it were permitted to reduce her to half the breadth, if then 
the wind ftaikes the fails in a perpendicular direction, the fails at the- 
fame time making an angle of 19 0 30' with the keel, the fhip will then, 
fail with a velocity not only equal to the wind, but with a velocity a 
third or fourth part greater than that of the wind. I mail not take 
upon me to follow him in thefe deep refearches, but refer our readers to 
the original, as it is fcarce poflible, at leaft probable, that this mould' 
, be ever reduced to practice, and fo have the theory confirmed by ex-, 
periments. 

In the fifth and laft fection, he confidcrs a fliip, wkh refpect to the 
velocity of her failing, and the qualities neceflary to make her keep a 
good wind, and drive but little to lee* ward in oblique courfes. This, 
takes up ten chapters. 

Chap. I. An examination of the fimpleft figures which receive the 
leaft poflible refiftance from the mediums through which they move. 

A table of the dimenfions of an angular, and rectilineal bows, in an ho-> 
rizontal fenfe, which meets with lead refiftance in parting through the 
Water. 

Chap. It» 
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Chap. TI. Of the conoid bow, which meets with the leaft poflibfe 
refiftance in dividing the fluid. 

A table of the dimenfions of fuch a conoidal bow. 

A table of the dimenfions of a new conoid, which will meet with 
Waft refiftance. 

A table of the dimenfions of two conoidals, which meet with little 
refiftance, only when they are not wholly immerged. 

Chap. III. A bafe being given, to find the figure of that folid which 
fhould cover it, fo that it mould meet with the leaft poflible refiftance 
in pafling through the water. 

Chap. IV. Of the formation of feveral other bows of leaft refiftance. 

Chap. V. Of the bow of greateft vefbeity, or of that which will 
render a fhip more capable to carry fail, and at the fame time will divide 
the fluid with greater facility. 

Chap. VI. To determine the figure of the bow of greateft velocity,, 
when it is terminated by a fimple horizontal draught 

A table of the dimenfions of a curvi-lineal bow of the greateft velocity. 

Chap. VII. Of the figure of the after part, when it is terminated by 
a fimple horizontal draught, and the method to be ufed in order to fbrnv 
frigates. 

Chap. VIII. The fequel of the preceding j an examination of the. 
after part, when it is a conoid, and how to form a frigate. 

A table of the dimenfions of the conoidal after part, which contri- 
butes to the greateft poflible degree of velocity, by the impulfion it re- 
ceives from the reflux of the water. 

Chap. IX. Of the form of tranfports, and of mips of war j and of a. 
new form for frigates. 

The firft folution. When the bow is formed by two vertical planes, 
which make an angle. 

The fecond folution. When the bow is terminated by one inclined 
plane afore. 

A particular method to form fliips- of war and frigates/ 

Chap. X. The fequel of the preceding : An examination of tlie par- 
ticular form propereft for the bow of a tranfport. 

A table of the dimenfions of a bow of the greateft motion, which,, 
our author tells us, differs from that of greateft velocity in fome cafes. 

In this htft fection our author obferves, that it is very doubtful whether 
that figure which meets with the leaft refiftance in dividing the water,, 
may be the moft advantageous to acquire the greateft degree of velocity y 
for it is poflible that a bow, which meets with a little more refiftance, may*' 
tender the fhip capable of carrying a proportionate quantity of mora 
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fail j neverthelefs, the two bows, which wc may diftinguift, by naming 
the one that of the leaft refiftance, and the other that of the grcateft ve- 
locity, mould have fuch an affinity to one another, that one mould, in a 
great meafure, partake of the moft eflential properties of the other. 

He then proceeds, in his ufual method, by an algebraic procefs, to in- 
veftigate the form of feveral bows j and, to favc his readers the trouble of 
an intricate calculation, has conftrucled tables of their feveral dimenfions, 
which we mail hereto fubjoin and jlluftrate, by forming one of the 
curves from thefe dimenfions, which may ferveasafpecimeu for all the reft. 

TABLE I. Of the Dimnjions of an angular and rectilineal Bow y in an hori- 
zontal Senfe, which meets with leaft Refiftance in p*\j}:ng through the Water. 



Height or 

•eptd 


fUlflr. 

or Oidi- 
n*e». 


Height or 


O 


~8 9 9 


374 


«4 


900 


408 


79 


95° 


440 


131 


1000 


47' 


180 


1050 


502 


223 


1100 


561 


265 


1 150 


619 


3°3 


1200 


674 


340 


1250 


1 728 



Half Br. 

or Ordi- 

ru'e». 

I 3OO 

i 35 o 

1400 

1450 

1500 

1600 

1700 

1800 

1900 



Height or 
defth. 

826 

873 

918 
962 

1004 

1046 
1086 
1 125 



HaifPr. 




Half Br. 


ot i>rdi> 


Height or 
dcu'h. 


or Ordi - 


njte>. 


n.e«. 


20OO ! 


I 164 


2900 


2IOO 


1200 


3000 


220O 


i 1230 


3100 


23OO j 


I27I 


32CO 


24OO 


I306 


3300 


25OO 


1341 


3400 


2600 


»37» 


350° 


27OO 


I4IO 


3600 


2800 


1444 


3700 



TABLE II. Of the "Dimenfions of a conoid al Bow, which meets with the leaft 

pojjtble Refiftance in dividing the Fluids. 



Abfrflje, 
or ptett of 


Htlf Br. 
or Otdi- 




or p»rt» of 


Hair Br. 

or Oidi* 


Imputfiocs. 


or pit ii of 


Rolf Br. 

or Otoi- 


the utii. 


n»'tl. 




lii- axil. 


nale*. 


the aii*. 


natet. 


0 


3c8 


148993 


4518 


2545 


1949062 


41862 


I2C40 


6 


317 


^5239 


5194 


2791 


2189549 


45383 


I2765 


20 


3", 6 


167905 


5943 


3053 


24S3409 


491 18 


13520 


44 


3 6 4 


l86 165 


6769 


3333 


2/43C83 


53080 


•4304 


78 


400 


208184 


7678 
8675 


3631 


3059421 


57280 


I5II9 


125 


444 


23672I 


394 8 


3404528 


61727 


I5Q66 


'85 


496 


268916 


9767 


4284 


3780198 


66423 


16845 


260 


557 


3O79OO 


10959 


6440 


4188257 


71386 


*7755 
18699 


354 


626 


353607 


12258 


5016 


463c 586 


76624 


468 


704 


405964 


I3668 


54*3 


5109155 


82139 


19676 


6?4 


792 


466875 


\&t 


5832 


5626246 


87935 
94086 


20688 


766 


890 


536439 


6273 


6182762 


21736 


956 


999 


615734 


18639 


6 737 


6792289 


100524 


22817 


1178 


1 1 18 


705619 


2O565 


7225 


7426420 


IO7285 


23936 


H34 


1250 


807369 


22636 
2486I 


7736 


8l 17090 


M4387 


25090 


1729 


'394 


922068 


8272 


8867188 


I21835 


26279 


2065 


1550 


IO50881 


27246 


8833 


9648764 


1 29642 


27507 


2448 
2880 


1720 


U94679 


298OO 


9421 


1 °4939°3 


I3782O 


287-/ 
30085 


1904 


'355015 


3253 1 


10034 


"39539* 


I46380 


3366 


21C2 


•533275 


35447 
1 38555 


10675 


1 2 35576o 


155334 
164694 


31431 


29H 


23* 


I7308D7 


"343 


*3377500 


32818 



Ix 



14543335 
1561591s 

16837987 

18132351 
19505003 

20949435 
22478039 

24C89705 

25790519 
27580596 

29463846 

31444132 
33524478 

35708216 
38001324 

4039931 1 

42913773 
45545000 

2Q 80 7 ^ 
5I462561 

54183109 
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TABLE III. Of the Dimenfions of anew Conoid, which will meet with leaft 

Refijlance. 



AbfciiTse or 
parts of the 
axis. 



O 

55 
97 
*55 
233 
340 

675 
962 

1344. 
1876 
2619 
3665 



Halfbrea. 

or ordi- 
nate*. 

IOO 
122 

183 
226 
280 

349 

552 
701 

896 

"55 
1501 

1969 



Abfci/fe or 
pasta of the 
ilia. 



f 43 
247 
1 026 1 
14605 
20909 
30122 

43 6l 9 
04773 
93780 
138926 
207366 

311931 



Hilfbrea. 

or ordi- 
nate*. 



2593 

345* 

4632 
6269 

8559 
11788. 

» 6 379 
22961 

32478 

46355 
66766 

9704S 



TABLE IV. Of the Dimenjions of two Conoidales, which meet with leajt Refifi* 
ance only, when they are not wholly immerged. 



When tbe Axe of the Bow it dented 100s 
par's abate the Surface of the Water, 



AbiciJfe, 
or parti of 
tbe an*. 




When the u« of the Bow ii derated aoeo 
pirti above the fuf face of the fea. 

Ordinate!, 



Ordinate*, 


AbftitU 


Ord nalci, 


or half 


or pans of 


or half 


Breadth!. 


tbe axie. 


Bre^dthi. 


~7800~ 


0~ 


2023 


2000 


5 


2030 


2200 


14 


2040 


24OO 


36 


206<3 


260O 


89 


2100 


280O 


248 


2200 


3OOO 


433 


23OO 


34OO 


636 


24OO 


380O 


1002 


260O 


42OO 


1570 


2800 


460O 


2093 


3OOO 


5000 


2645 


32O0 



Abfciffje, 
cr parti of 
the txit. 



3 22 3 
3825 
4449 
5093 

6438 
7 J 36 
7851 
8582 

9327 
10859 

12446 



or half 
Bretdthr. 



34OO 
36OO 
380O 
4OOO 
420O 
44OO 
460O 
48OO 
500O 
5200 
560O 
0000 



T A B L E V. Of the Dimenftons of a Curvelineal Bow of the greateft Velocity: 



Firft Figure, 



Abfcif 
orpam 
of the 



O 
I?6 

399 
627 

758 

8S4 

936; 

963 
977 

.987 

ZOO I 



Oldi- 
njtei, 
•>r hil: 

Bra 



C 

•^Oj 

53' 
7»4 

788 

8 3 « 

853 
859 
862 
S65 
865 



[ Mo* 
[mpuU menu, 
fioni. or (la- 
bility 



Serond Fit are. 



Fourih Fieute. 



X014I 866 



0 


0 


146 


0 


333 


9 


406 


46 


425 


83 


432 


128 


433 


'4 9 


433 


182 


433 


188 


433 


*93 


433 


199 


433 


204 



orpatti 
of the' 
axil 



712 
871' 
IO42 



Ordi- 
nate!, 
or hilt 
Bea 



O 

356 169 



335 
402 
464I 

493 

1200, 510 
< -» 

1272 
1 



310 



'399 



533 
536 
54' 
543 





Mo. 


j Abtcil. 


Ord:- 

nates. 




Mo- 


Abicil 


Oriii- 




I Mo. 


Impol- 


otcntt, 


or parts 


Impul- 


ment!, 


wpart! 


n'tei, 
a half 


Impul- 


'menu, 


fions. 


or fla- 


or the 


or half 


60m. 


or fla 


of tbt 


uoai. 


m /la- 




Sility. 


sail. 


Brca 




bility. 


axis. 


Brra. 




bility. 


0 


O 


0 


0 




0 


0 


0 


O 


0" 


V. 


O 


200 


65 


7 


0 


125 


3 1 


2 


O 




4 


40O 


129 


»3 


O 


250 


62 


4 


O 




10 




225 


23 


I 


500 


122 


m 

1 


6 


% 


»9 


861 


2/2 


2 7 


J 


67I 
827 


163 


9 


1 


81 


26 


1035 


318 


30 


8 


I98 


10 


1 . 


82 


3i 


1 100 


338 


3' 


900 


214 


11 


2 


S 4 


38 


1205 


356 


32 


10 


999 


234 


12 


2 


84 


42 


1288, 


37 1 


32 


»3 


1 174 


266 


»4 


4 


84 


44 


1333! 


379 
387 


33 


'4 


1267 


28l 


14 


5 


84 


47 


1401, 


33 


17 


1380 


295 


*4 


7 


84 


51 


14661 391 


33 


19 


1490 


302 


H 


9 
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TABLE VI. Of the Dimenfions of the coneidal after part, wbicb contributes r$ 
the greateft pofftble Degree of Velocity, by the Jmpulfion it receives from the Re 
Jux of the Water. 



Abfcifl*. 


Ordinate!, 


Abfciflje, 


O'dSnttti, 


Aofeiffit, 


Oidimtei, 


Abfeifla-, 


or pint of 


or half 


or parti of 


or hllf 


or parti of 


or half 


or parti of 


the poop. 


Brc.idthf. 


tht poop. 


RrcJthi. 


tht poop. 


B.-e*dlhl 


the poop. 


O 


260 


3'5 


4 8 5 




~ 9 6 


4487" 


2 


202 


382 


5 2 ' 


1709 


1054 


4 a 3 2 


9 


271 


456 


559 


l8 93 


1114 


5188 


21 


283 


539 


600 


2089 


1177 


5504 


37 


299 


630 


642 


2301 


1242 


5964 


59 


3*7 




686 


2525 


1309 


6381 


86 


339 


i? 


7 X 


2762 


i37» 


681 X 


"9 


3 6 4 


957 


831 


3 0, 3 


1449 


7265 


»59 


39° 


to86 


3*7 8 
3556 


1522 


773» 


204. 


420 


1225 


884 


1596 


8234 


256 


45i 


1375 


939 


3849 
4158 


1672 
1750 


8750 



or half 
Brejdthr. 



TABLE VII. Of the Dimenjions of the Bow of greateft Movement* 



AVciflfc, 


Ordinate** 




AbftifT*. 


Ordinal ei, 






or length 


or the 


Imp'il- 


or length 


or the 


Impel. 


■ 


«f the a»ii 


depth of 


ftoni . 


of the anil 


depth of 






obi he bow 


the Bow. 




on* he Wow 


the how. 






0 


O 


O 


2$9 


~ S08" 


397 




I 

,1 


50 

Jg 


50 

V 
182 


284 

307 , 
328 


524 
538 
550 


402 
406 
409 




35 


252 


245 


349 


561 


4" 




50 


297 


285 


36S 


5/0 


413 




•61 


320 


304 

308 


381 


578 


414 






3^5 


412 


592 


4I 7 


■ 

- 


69 


335 


316 


437 


602 


418 


• 


83 


35* 


327 


457 


6lO 


419 


I 


JT02 


375 


340 


486 


620 


420 


» 4- 


J 26 


400 


354 


5" 


628 


421 


-> - 


Ip 


425 


365 


HI 


636 


422 




206 


448 

470 


3 P 
3«5 


586 

612 


645 
649 


422 
422 


■ 


233 


490 


391 


628 


65O 


422 





Our author remarks on Table I, that in joining two furface^ 
A BR S, (Fig. 17) the bow may be formed nearly to what the figure re- 
presents, and will meet with the leaft polTible refinance, in palling thro' 
the water, in a diredt courfe, or in any oblique courfes which do not 
-exceed 45 degrees. This bow has that particular property, that it will 
meet with the leaft poffible refiftance, without regarding how deep it 
finks into the water. It is not the curves of the ridges, A I S, and 

B H R, 
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B H R, of which we give the abfcilTa and ordinate* > it is of that which 
jefults from the feclion of the furface A B R S, cut vertically and per- 
pendicularly to its length ; the point A being the origin of the abfeiflac 
extending along D C. 

On Table H. He fays, we muft take the value of each abfcifla from 
a fcale of equal parts, and lay it off from A to X, or to C t on the ftrait 
line A C, Fig. 1 8, beginning always at the point A ; and then make 
the perpendiculars X V and C D equal to the correfponding ordinates ia 
the table. 

We mail now give our readers the fubftancc of his Conclufion. 

After having, to the utmoft of my power, fays our author, executed 
every part of the engagement I undertook, it will be proper now to re- 
capitulate the principal things I have explained, efpecially fuch as relate 
to the figure of the fhip j and I mall make no fcruple again to affirm, 
that, I believe, I have given infallible rules to the builders, to determine 
their choice of the different plans that may be prefented to them of the 
fame Chip, We have, in the fecond book, explained all that concerns 
a (hip while a-float or at reft : We may know if the whole weight be pro- 
portional to the folidity of the immerged part } if fhe has ftability or 
lorce to carry fail ; or if fhe carries her guns high enough out of the wa- 
ter : And, in the third book, we have given proper rules to affure us 
fhe will fail well ; drive but little, when clofe hauled upon a wind, and 
readily anfwer all the motions of the helm. All the other qualities are 
fubmitted to the proof of a calculation, which cofls but little labour : 
Even fuch accidents as feem to depend on very irregular caufes are con- 
lidered j fuch as the duration of the vibrations occafioned by rowling, 
and thofe of pitching i we may judge of them by examining the diftri- 
bution of the weights, and in what manner every particular weight is 
fupported in every different circumftance. 

Geometricians think no labour too hard, and do not fatisfy themfelves 
-with what knowledge they have acquired, but are continually pufhing 
their xefearches to the higheft pitch ; notwithftanding all this, we muft 
fometimes have recourfe to experiments on fhips already built, which 
may ferve as a term of companion. By thefe experiments we may, in 
an inflant, difcover things which could not be done any other way, with- 
out a great deal of labour j and, in forming another fhip, it may fuffice 
to take notice of their different dimenfions, and the neccflary caufes that 
may occafion fome alterations. 

We have endeavoured, out of an infinite number of forms, to pick 
out the befti and where the dhpofition of different parts contribute to 
SuJ>J>. I carry 
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carry a certain property to a higher degree, we have fearched the moft 
advantageous combination, to determine the maximum. We may, with 
certainty, make which property we pleafe predominate, and at the fame 
time know how far we may carry the others. 

We have (hewn, that the extreme breadth mould be five twelfths of 
the length, from the fore part, which is the pofition beft fuited to make 
the (hip anfwer the motions of the helm j but it muft be carried a little 
further forward, to make her fleer well by the affiftance of the fails r 
though, by this means, the bow will become fuller, to the prejudice of 
her failing, and of that property which mould make a (hip lefs fubject 
of driving to the leeward. It will be impofiible to reconcile thefe four 
properties ; and, that we may not lofe too much of any one of them, 
we mud refolve to lofe a part of the others ; and the fureft way, in moft 
cafes, will be to embrace that which moft favours the adtion of the* 
rudder. 

We have, in the firft book, explained feveral methods of defcribing- 
the midfhip frame, which may be improved by the remarks in the fc- 
cond and third books. 

Suppofe we cannot perfuade ourfelves to abandon the common prac- 
tical rules, nor venture at once to go to the utmoft point of perfection,, 
yet it is to be wifhed, that the breadth and depth mould bear but a very 
imaU proportion to the length ; it is a matter of great importance, and 
merits the utmoft attention of the builders. The lection of the midfhip 
frame mould be a triangle in light frigates, but a re&angle in mips built 
for burthen. In thefe laft, the breadth is continued the fame as in mid- 
fhips, for a confiderable fpace, nearly the fifth part of the whole length. 
Tht common rules are very well adapted to the building of fuch fhipSj 
and want very little amendment, but are very deficient in the frigates, 
which begin to narrow, both fore and aft, from the very midfhip frame. 
The mips of war, as it were, keep a mean betwixt thefe two ; they are 
fhips of burthen, but their great weight is fituated in a very inconve- 
nient manner, their center of gravity being too near their metacenter ; 
they muft, on that account, and on account of carrying their metal, be 
broader in proportion than other fhips. 

The principal dimenfions being eftablifhed, we may form the rib- 
bands, and fo the work will be compleatcd. We may ufc the method 
of approximation, delivered in the Xlth chapter of the firft fedtion of 
the firft book j or conform to the tables, which we have with great pains 
calculated, and inferted at the end of the laft feftion, that the practical 
part may receive all the benefit that may accrue to it from theory. 

So far M. Bouguer j and here follows what M. Dubamel has faid on 
the center of gravity. 



» 
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r Abridgement of what M. DUHAMEL has /aid in bis 
fecond Edition on the Center of Gravity. 

MDUHAMEL in this edition, has given us an additional Chapter, 
# wherein he explains a method to find, whether or no a (hip will 

carry fail. 

The principle on which he fixes the (lability or ftiffhefs of a (hip is 
the proper fixing the center of gravity of the whole body, including, as 
well, the mafts, yards, guns, &c. that are above the water, as the am- 
munition, ballaft, Gfc. that are below the water ; and in order to give 
us a diitinft idea of that term, the center of gravity, he proceeds in the 
following manner : 

It is eafy to conceive that the fame quantity of any matter may be 
put in different forms, but it will ftill be the fame weight j for a piece of 
lead in form of a globe of one inch diameter, may be extended fo as 
to cover a circle of one foot or more diameter ; but it is plain the lead 
will be the fame weight in both forms, and if it were poffible to prefs it 
fo as to become a globe of one eighth of an inch diameter or le(s, this 
fmall globe would weigh as much as the other great one j but becaufe 
the parts of matter cannot penetrate into one another, this cannot be 
effected. Let us then fuppofe the whole weight of the globe A (Fig. 20.) 
to be united into one point a, and we mall have an idea of what in 
mechantcks is called the center of gravity. 

The center of gravity then, of any body, is that point, whether it be 
•within or without that body by which if it was fufpended, or upon 
which, if it were fupported, it would reft immoveable in any fituation, 
as if the weight of the whole body were united in that Angle point. 
Hence, to find the center of gravity of any body, is to find that point, 
upon which, if the body refted, all the other parts would be in an equi- 
librium. It will be neceflary, firft, to fay fomething of the equilibrium 5 
for then we (hall eafily explain what is to be laid on the center of 
■gravity. 

In treating of the equilibrium, I (haH explain the balance, becaufe the 
ufe and conitrudtionof the balance, and of the equilibrium, are founded on 
the fame laws. 

The balance {Fig. 21.) confifts of abeam A B, and a fulcrum or point 
of fupport Q the center on which the beam moves, and if this be the 

I 2 center 
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center on which the beam refts in equilibrio, it is the center of gravity 
of the beam j but as this point may be conlidered as one of th'ofe that 
form a line, it may be conlidered as the axis of the equilibrium tluit is 
to fay, as if formed by a line palling thro' the center of gravity : If we 
imagine a plane crofling the beam in the point C, we (hall then have an 
idea of the plane of the equilibrium j that is to fay, of a plane in which 
the center of gravity is to be found. 

In order to make the beam of a balance true, the arms C A and C B> 
muil be exactly of the fame length, and likewile the weight of one arm 
muft be equal to that of the other, and the fulcrum mud be applied to the 
center of gravity. 

Let us firft confider the line AB, abftracted from breadth and thick* 
nefs, and, fuppofing all its points to be homogeneous, they will all have 
an equal tendency to the center of the earth j and if there be as many 
points betwixt C and A as there are betwixt C and B» the line will reft 
in equilibrio on the point C, which will point out the center of gravity 
for the point S on the arm A C ; and the point S, on the arm B C, being 
equally diftant from the point C, and having an equal tendency towards 
the center of the earth, reciprocally deftroys the weight of each other * 
and there being, by fuppofition, the fame number of elementary points, 
betwixt A and C, as betwixt B and C, each will deAroy the force of its 
oppofite, and the line will reft in equilibrio, becaufe the line is lup- 
poied to have neither breadth nor thicknefs, the point C, will be in the 
center of gravity ; but if the fulcrum be moved towards A, or towards B, 
it is plain the equilibrium will be broke, becaufe there being more ele-r 
mentary points on the one fide than on the other, there will be a pre- 
ponderating force, which will caufc the line to incline ; Co we may per?- 
ceive that the center of gravity of a line, or of a rod, every where of equal 
thicknefs and breadth, and all its parts of equal weight, will be exactly 
in the middle of the line or rod. 

It will not be amifs here to remark, that in finding the centers of 
gravity of lines, or furfaces, we need only confider their extent, becaufe as 
the matter of which they are formed is fuppofed homogeneous, all the 
parts will be equally affected with that tendency they have towards 
the earth's center, or that force which make bodies defcend, affects all 
the parts equally. 

It is eafy to prove that the center of a parallelogram (Fig. 22.) is in 
N, the center of the figure j for, fuppofing the parallelogram to be form- 
ed by elementary lines parallel to AB, as we have already proved, that 
the center of gravity of a line is in the middle of it, if the line I K be 

drawn 
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tfrawn thro' the centers of gravity, of the efementary lines parallel to 
A B, it will be the axis of the equilibrium in which the center of gra- 
vity, of the figure muft certainly be found. Let us then fuppofe other 
elementary lines parallel to B D; we fhall hive L M another axis 
of the equilibrium, in which likewife the center of gravity mud be ; 
and becaufe the point N is the only one, common to both axes, it 
rouft be the center of gravity ; hence, the center of gravity of a parallel- 
ogram muft be in the center of the figure ; and for the fame reafon the 
centers of gravity of circles, ellipfes, of' polygons, of any even number of 
fides, will be in the centers of the figure, as is evident by a bare infpectiou 
of the figures. 

It will be as eafy to find the center of gravity of any triangle (Fig. 23.) 
for, fuppofing it formed by the elementary lines A B, we have C D, one 
axis of the equilibrium ; again, fuppofing it formed by the elementary 
lines E F, we have G H, the other axis of the equilibrium, fo fhall N",, 
the point of their interaction, be the center of gravity of the triangle ; 
hence, the center of gravity of any triangle will be in the point of in- 
terferon of two lines bifecting any two fides, and drawn from the 
angles oppofite to thofe fides. If we fuppofe a regular pentagon, 
(Fig. 24.) formed by elementary lines A B, we (hall have the axis DC;, 
again y fuppofing it formed by the elementary lines EF, we mall have 
the other axis G H, fo (hall N, their point of interferon, be the center of 
gravity of the pentagon. 

As by fuppofing all furfaces to be formed by lines, we have difcovercd 
an eafy method to find the centers of gravity of regular furfaces, fo if we 
confider furfaces, as the elements of folids, we may as eafily find the 
centers of gravity of folids j for if we conceive the parallelopiped, 
(Pig' 25.) to be formed by an infinite number of parallelograms, parallel 
to a by the centers of gravity of all the parallelograms will be in the 
center of the figures as was before proved j and if we draw a line c d t 
thro' all the centers of gravity, we fhall have the axis of the equilibrium, 
in which the center of gravity of the parallelopiped is to be found, and 
as all the parallelograms are equal, we may conclude that the center of 
gravity of the parallelopiped is in the middle of the axis c d j and, for 
the fame reafon, the centers of gravity of a cylinder, of a fphere, or of an* 
ellipfoidi are exactly in the center of thefe folids. 

As any prifm may be confidered as compofed of furfaces, or thin 
dices equal and fimilar to their bafes, and that a ftrait line drawn from 
the center of gravity of onebafe to that of its oppofite, paffes thro' all the. 

elementary 
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elementary flices, the center of gravity bf all prifmsj or cylinders, w31 be 
in the middle of that line which is the axis of the equilibrium. 

As to the center of gravity of a triangular pyramid, it is plain it mull 
be in a ftrait line, drawn from the vertex to the center of gravity of the 
bafe ; for, let the pyramid be divided into elementary flices, parallel to 
the bafe, the centers of gravity of all thefe furfaces will be fimilarly 
placed, and, ufing the fame operation on all the fides of the pyramid, we 
£hall have different axes of the equilibrium ; their point of interferon, 
which will be one fourth of the length from the bafe, will be the center 
of gravity, and as a cone may be confidered as a prifm of an infinite 
number of fides, its center of gravity will likewife be in the one fourth of 
its axis from the bafe. • 

Hitherto we have confidered furfaces and folids as compoied of parts 
which are of equal weight j but if the parts are of unequal weights, the 
folutions will be falfcj for, fuppofing the part CB, (Fig. 26.) of the 
line A B to be gold, and the part C A to be iron, and the fpecifick gra- 
vity of C B 3, and that of C A 1 j the fulcrum being in the middle of the 
line, the part C B will raife the part C A. In this cafe, in order to find 
the fulcrum, on which it will reft in equilibrium, we need only find the 
center of gravity of C B; which will be in d t the middle of that line, 
that part being fuppofed homogeneous, and, for the fame reafon, the cen- 
ter of gravity of C A, will be in e, the middle of the line C A. Let us 
now confider the whole weight of the line C B, united in d t and the 
whole weight of the line C A, united in the point e ; all that remains to 
be done, is to find the center of gravity of two bodies {Fig. 27.) the 
weight of d being 3, and that of e 1 pound. In order to folve this 
problem, let the two bodies be joined by a rod that will not bend, and 
as the two bodies together weigh 4, divide the rod de into four equal 
parts, fo (hall the center of gravity C, be in the third divifion from E, 
{Fig. 28) } for the weight d t multiplied by the arm B C, will be equal to 
the weight e t multiplied by the arm A C The arm of the lever A C, 
is to the arm B C as d to e j we (hall explain this by an example taken, 
from the common balance. Let A B (Fig. 29.) reprefent the beam of a 
good balance, four feet long, C the fulcrum ; now as A C and B C are ex- 
actly the fame length, that is, two feet each, and of equal weight; the 
beam will reft in equilibrium on the fulcrum C : If we fufpend to the ex- 
tremities of the beam, the weights D and £ of one pound each, the beam 
will ftill continue in equilibrium, becaufe the weight D of one pound is 
to the lever C B of two feet, as the weight E of 1 pound is to the arm 
C A of 2 feet ; But fuppofe E 2 pound, and D i, and placed as before. 
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k is plain, the beam A B will incline to the fide on which D is placed, 
becaufc the weights are not reciprocally proportional to their difhnces 
from the fulcrum ; and, in order to regain the equilibrium, we muft ftiorten 
the arm of the beam C B, in the fame proportion the weight E is aug- 
mented; fo placing the weight E (Fig. 30 J at the point F, the two. 
weights will then be in equilibrio; for now the weights will be reci- 
procally proportional to the lengths of the arms of the lever. Since 
D= lib x AC — 2 feet; E 2.% x C F= 1 foot = 2 ; which may be 
proved by experiment. 

This may be demonftrated after another manner ; for, fuppofing the- 
weights fufpended to the extremity of the beam, if they be equal, as in 
Fig. 31, the fulcrum muft be at the point C, the middle of the beam ; but 
if E be double the weight of D, then muft the fulcrum be in the point F, 
two thirds of the beam from the end A ; and then D:BF::E:AF. 
Suppofing then P, {Fig, 32.) to be 4 pounds, and R 12 pounds, and 
one fufpended to each arm of the beam j in order to find the fulcrum, fay„ 
as 1 6, the fum of both the weights, is to 1 2, the greatcft weight, fo is 
M N, 8 feet, the length of the whole beam, to MF 6 feet, the diftance 
of the fulcrum from M. Then P : F N : : R : F M. 

Hence we difcover a remarkable property in the lever ; for in moving^ 
the fulcrum from C to F, (Fig. 31.) neither the abfolute weight of the mafs; 
D, nor that of the arm of the lever A F, is augmented, fince the beam; 
is fuppofed to have no weight 1 And, to try this by an experiment, let 
there be as much weight added to B, as will occafion the beam to be in 
equilibrio on the point F, before we put on the weights E and D ;. 
neverthelefs, the fmall weight will refift the adtion of the great one. So. 
the relative force of D, in refpect of E, is augmented in varying the 
velocity; for if we put the lever in motion on the fulcrum F, we mail per- 
ceive that in the time B defcribes an arch, fuppofe of 1 foot, A will de- 
fcribe an arch of 3 feet : Hence we may fay, with Des Cartes, that it 
wiH take as much force to move ten pounds with 20 degrees of velocity* 
as to move twenty pounds weight with 10. degrees of velocity. 

Let us endeavour to make this ftill plainer. If the two bodies, A and 
B, are of different weights, their center of gravity (or the fulcrum on which 
the rod E D, that joins them„ will reft immoveable) will not be in the 
middle of the line j this will appear very plain, only by obferving what 
will happen to the beam, when there is more weight in one fcale than ux 
the other. v 

In order then to find the fulcrum F, on which the beam mall reft iti> 
equilibrio, let us fuppofe it already found, and that £ h double the 

weight 



Digitized by Google 



\ 7* 1 

weight of D ; it is evident, that E cannot have the leaft motion, without 
giving D a motion at the fame time j and the two bodies will continue 
in equilibrio till both are put in motion. 

It is not then necefiary, that the two bodies be of equal weight to pre* 
lervc the equilibrium j but it will be ncceflary, that D have the fame 
difficulty in moving that E has ; and, becaufe E is fuppofed double the 
weight of D, it muft take double the purchafe to move it : Hence it 
follows, that the fame force which will make E run over one degree, 
will, in the fame fpace of time, make D run over two degrees, provided 
JZ be double the weight of D j but if triple the weight, it will run over 
three degrees, and c as m, (F/'g. 31.) for the eficc*t is always propor- 
tioned to the caufc. Hence this natural confequence } if the motion of 
D be double or triple that of E, its relative weight will be double or 
triple its real } and if the motion of D be triple that of E, the equili- 
brium will be preferved, although D be only one third of the weight of 
E. Now, if it be obferved, that the fulcrum F, is three times^the diftancc 
from A that it is from B, and that the arches of circles are in proportion 
to their radii ; the arch, defcribed by the point A, with the radius 
F A, will be thrice the arch defcribed, by the point B, with the radius 
F B, in the fame fpace of time, juft as the weight of E is triple thaf of 
D. Hence, to keep two bodies in equilibrio, their diftances from 
their common center of gravity muft be reciprocally proportional to their 
weights. D;E: : F B : FA. 

We have made this digreflion, to flicw the difference betwixt the ab- 
solute and relative forge of any body, which will affift us to under/land 
the nature of momenta, which (hall be treated of hereafter: We fliall 
here fliew how to find the centers of gravity of a fyftem of bodies of 
different weights, fuppofing them joined by an inflexible rod, paffing 
through all the centers of gravity, the rod being conceived without any 
weight. 

Let us then fuppofe the inflexible rod AB (Fig. 33.) parting through 
the centers of gravity of the lcveral bodies a, b, c, d y e, f t whofe abfo- 
lute weights are different ; firft find the center of gravity of two, as of 
a and b, which will be in g, if we make g a (the diftance of a from the 
center of gravity) to gb (the diftance of b from the center of gravity) 
as the weight of b is to that of a : Then confidering a b as united in g t 
Jet us find the center of gravity of g and c, which fuppofe in b t and 
then confider the weights <7, b, and c, as united in b ; and then ufing thp 
lame procefs, on the other fide, we fliall find the center of gravity of e 
2nd f in the point / j and confidering e and f as united in /, wc may 
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£nd the center of gravity of e and d y which fuppofe in T. Now, trie 
fum or the weights a y b t and c y being united in k y and the fum of the 
weights and/ united in /, we need only find the center of gravity of 
h and /, which will be the center of gravity of the whole fyftem, com> 
pofed of the bodies a y b, c, d, e, / ; and if the center of gravity be at w, 
there mull be the fulcrum, on which the whole fyftem will reft: in e- 
quilibrio; juft as if a y b, and r, were put into one fcale, fufpended on 
the point b t and d, e y and /, put into another fcale, fufpended by the point 
/, they would be incquilibrio, provided m were the fulcrum on which the 
taam reds ; becaufe b m is to / m y as d y e y J\ placed in /, is totf, b, r.placed in b. 

It is very plain, that if the bodies a y b, c, and d y e y J\ {Fig. 34.) were 
placed in the fame plane, on different fides of the axis of the equilibrium 
A B, they would remain in equilibrio upon that axis, provided their 
feveral weights be the fame as in the preceding : The diftance of each 
body from the axis A B, will be equal to the diftance of each body from 
the center of gravity m (Fig. 33.), that is, A a y b M, c N, (Fig. 34.) 
equal to a m y b ///, c m t (Fig. 35.) and P B, e P, and d O, equal to fm r 
em y and d m. 

It is likewife plain, that if in a fyftem of bodies on the line A B, 
(Fig. 33.) their center of gravity m be in one of the bodies, it may be 
reckoned as a cypher, in regard to the center of gravity of the whole 
fyftem } though its particular weight adds to the weight of the whole 

fyftem. 

Though my intention here is to confine myfelf to treat of the center 
of gravity, fo lar as is neccfiary to give my readers a clear underftanding 
of the me thod of finding it in ihips, yet I cannot allow myfelf to omit 
(hewing how to find the center of gravity, of any number of bodies 
placed at random in the fame plane j luppofe a y b s c y d. (Fig. 3 5. J 

The center of gravity of each particular body, (fuppofed to be known ;) 
we muft fiifl find the center of gravity of <zand b, joined by an inflexible rod, 
by the foregoing method, which fuppofe in e ; and then confidering a and b 
as united in e y find the center of gravity ofe and </, fuppofe in j ; laftly, 
confidering a y b y and d, as united in J, we need only find the center of 
gravity off and c y which fuppofe in g y fo lhall g be the center of gravity 
of the whole lyftem. I ihall conclude this fubject, with fome remarks 
on what has been faid. 

I. The center of gravity of any fyftem of bodies, may be found with- 
out knowing the dimenfions of their bulk, if their weights be known.; 
for fuppofing a and b to be of different matter, (Fig. 36J the one of 

Supp. K ftone, 



Digitized by Google 



f 74 7 

ftone, and the other of wood, and each to weigh one pound, their center 
of gravity will be in e> the middle of the bcr.m a b 

\\. If the bodies be homogeneous, and of the fame fpecifick gravity, 
their centers of gravity may be found by their bulks, without knowing 
their weights ; for, let the two bodies a and b, (F/£. 37.) be homo- 
geneous, and let b be double the bulk of a t then will their center of 
gravity be in e t two thirds of the length of the beam d e ; and this is. 
found without having any regard to their weight, fbr d c being double 
e ; then a : b : : c e : c d. 

III. As the center of gravity of any fyftem of bodies, confidercd, ab- 
ftratted from any weight, may be found by their bulks ; it is in this 
fenfe, that the centers of gravity of lines, furfaces, or of any fpace whofe 
weight is not confidercd, are laid to be found. 

IV. We may likewife perceive that the center of gravity of any fur- 
face, limited by ftrait lines, may be found by reducing them to parallelo- 
grams, triangles, or any other regular figures, whole centers 01 gravity 
.may be found by the preceding rules j we may then fuppofc an inflexi- 
ble rod palling thro* thele centers of gravity, and the center of gravity of 
the fyftcm <7, b t r, it may be found as in (fig. 35). 

It will be the fame with refpect of folids ; for every folid may be divid- 
ed into parallelopipeds, prifms, cones, or triangular pyramids, and by 
forming another fyftem by the centers of gravity of the feveral bodies, 
Ave may find the center of gravity of the whole fyftem by the rules al- 
ready delivered. 

We may now perceive how the center of gravity of a fhip may be 
found ; for as the two fides A and B, (Fig. 38.) are equal and fimilar, it 
follows that the center of gravity muft be in a plane erected perpendicu- 
lar to the keel, which will be in the plane of the equilibrium of the fhip, 
and tho' (hip's bodies are very irregular figures, they may be reduced, 
nearly, to regular ones, by dividing them into feveral fmall parts, and the 
center of gravity of each may be found as before j but as this method 
would be too tedious for practice. I lhall therefore attempt to £hew 
how it may be performed by M. Bouguer's method of momenta. 

The momentum of any heavy body, or of any extent confidered as a 
heavy body, is the product of that weight, or of that extent multiplied by 
the diftance of its center of gravity from a certain point afliimed at 
pleafure, which is called the center of the momentum, or from a line 
which is called the axis of the momentum. 

In order to comprehend this, it muft be remembered that we made a 
jdiftincYion betwixt the relative and abfolute weight of any body j the 

relative 
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^relative weight of any body confidcred with refpedl to that of any other 
body, or, with refpedt to a point, is augmented or diminished in pro- 
portion to the diftance of that body, from the fulcrum, the abfolute weight 
remaining ftill unvariable ; or it is the relative weight which mathema- 
tians confider, when they ufe the momenta, by multiplying the weight, 
or extent of any body, by the diftance of its center of gravity from a 
point or line aflumed at pleafure. 

Example. Let 13, {Fig. 39) be 6 pounds, A the center of the momen~ 
turn of B ; and let A B be 4, then mall 24 be the momentum of B, rela- 
tive to A. Again, let B be 6 pounds, (Fig. 40.) A B 4, as before - y 24 
will ftill be the momentum j let C like wife be 6 pounds, and A C 3, fo it* 
momentum will be 18, and the momentum of the two bodies will be 42. 

If the two bodies in the fame plane are not in the fame direction, from 
the point A, that will make no alteration, if we confider them relatively 
to an axis A A 4, its momentum will be 24, and the diftance of C being 3, 
from the axis A A, and weight 6 pounds, its momentum will be 1 8, fo- 
fhall the momentum of the two be 42 as before. I faid the center, or 
axis of the momentum may be placed at pleafure ; fo it may be placed 
betwixt two bodies ; if then it may be at the point A, (Fig. 42.) precife- 
ly betwixt the two bodies B and C, fuppofe 6 pounds each, the momenta,, 
of each being 12, they will be equal, and the center of the momentum 
will be in the center of gravity of the two bodies j but if we place the 
center of the momentum in D r the momentum of C being 6 x 3=18, 
and that of B 6x1 =6, the equilibrium will be deftroyed. 

We may now begin to perceive the relation betwixt the center of gra- 
vity and the center of the momenta, but to make this ftill plainer, we 
fhall mew that the Aim of the momenta of all the bodies that compofe a 
fyftem is equal to the momentum of all the bodies confidered as united in 
their common center of gravity. 

If we multiply all the weights 6, 5, 8, 4, 10, &c. which are placed 
along the beam AB, (Fig. 4.3 . ) by the diftance of the center of gravity 
of each, from the point A , which is aflumed as the center of their mo- 
menta j that is, 6x14-5x24-8x3, &c. and, laftly, 6x11 the 
the fum of all thefe products, will be 396; on the other hand, if we 
add the weights of all thefe bodies into one fum, that is, 6 4" 5 4- 8 4~4» 
&c. 4- 6, the whole will be 66 } and this multiplied by 6, the diftance 
of the point C, the center of gravity of the fyftem from A, the center 
of their momenta, we mall have 396 for the momentum of the fum of all 
the weights as united in C, the center of gravity of the whole fyftem, 
equal to the fum of all the momenta of the bodies taken feperately ; and 
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that It will always be fo is evident, for, fince the point C is the center of 
gravity ot the whole fyftcm, in which all the weights are fuppofed to 
be united, and the poii.i itl'Jf fo placed, in refpect of A, that all the 
weights placed bctwixi C*nd B g.'.in as much energy or force, by their 
diftance from the point A, .:s tiic weights, placed betwixt C and A, loofe 
of their particular relative, force. 

Hence, t lie momentum 01 the center of gravity, of a fyftcm of heavy- 
bodies, is equal to the fumofthc rv.tmnta <jf the feveral particular bodies 
that form ti .l: fyftcm ; but it will r proper to ru. >rk, that if weconfidcr 
the tmm ntii or" a fyftcm, with i> n cl to a pohir A, which happens to 
be in the center of gravity of one of the extreme bodies, {Fig. 44.) it 
will make no alteration in the operation, only omitting that body which 
may be deemed a cyphu ; for, fuppoiing the body A 6 pounds, then 
5x1 -j- 8 x 2-1-4x3 -f- 41 >. 5 -f- 9 x 6 = 292, and 6 -f 5 + 8 -f 
4-}- 41 +9= 73» which, muliplied by 4, the diftance of the center 
of gravity of the Jyftcm from A, the product will be 292, equal to the 
former. 

Let the bodies be the fame weight, and placed as before, and D, the 
center of the momenta (Fig. 45.), be betwixt two of the bodies, the fum 
of the weights, 8, 4, 41, 9, 6, 5, multiplied by their diftance from D, which 
is fuppofed the center or the momenta, will be equal to the fum of all 
the weights 6, 5, 8, 4, 41, 9, multiplied by the diftance of their center 
of gravity C, from D, the center of their momenta ; obferving to fubtract 
the product of the weights of thofe on one fide of the point D, from thofe 
on the other fide, becaufe each endeavouring to turn the beam to its own 
fide, they will have contrary effects. 

Suppoling D to be exactly in themiddlebetwixt 5 and 8 ; we have 8x5 
= 4 + 4 x 1.5 = 6 + 41 x 3.5 — 143-5 + 9 x 4«5 =40.5, the fum of 
the whole is 194 ; and on the other tide 5 x .5 = 2.5 -f 6 x 1.5 = 9, 
their fum 11.5 fubtracted from 194 remains 182.5, exactly equal to the 
fum of all the weights 8 -f-4-4r 41 + 9+ 5 "h 6 = 73, which, 
multiplied by 2.5, the diftance of their center of gravity C, from D, the 
center ol their momenta, is 182.5; but it muft be obferved, in this laft, 
•we take the fum of all the weights, without fubracting thole on the one 
fide from thofe on the other, becaufe they all tend towards the center of 
the earth ; whereas, in finding the momentum of each particular body, 
they being fufpended on different fides, their effects will be in a recipro- 
cal proportion to their diftances. 

Laftly, fuppofe the center of the momenta be in E, (Fig. 46.) it is 
plain E equal 8 can have no momentum, becaufe its diftance from the 

center 
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center Is o j E x o == b, and then multiplying 4, 41, 9, by their refpcc- 
tive diftanccs from E, and, from the fum of their prod lift, fubtractir.g 
the product of the fum of 5 and 6, multiplied by their relpcctive diftan- 
ces from E ; fubtracting, I fay, this product from the fum of the other 
■products, the remainder will be equal to the fum of all the weight?, 
multiplied by the diftance of their common center of gravity C, from E, 
the center of the momenta. Having thus proved that the fum of all the 
particular momenta that compofe a fyftem are equal to the product of 
the fum of all the weights) multiplied by the diftance of their center of 
gravity, from the center of the momenta, it will thence follow, that, if 
the fum of all the moment a. bt divided by the fum of all the weights, the 
quotient will give the diftance of the center of gravity from the center 
of the momenta j or, which is the fame thing, il the momenta of feveril 
bodies, in refpect of a point or line, be divided by the weight of thefe 
bodies, the quotient will be the diftance of their center of gravity from 
that point or line which was aflumed for the center of their momenta. 

As for example, if it were required to find the diftance of C, the cen- 
ter of gravity of the fyftem, (Fig. 47.) from A the center of the momen- 
ta ; the fum of the momenta is 292, this divided by 73, the fum of the 
weights, the quotient 4 is the diftance from A to C. 

As examples taken from things of common ufe are moft inftructivc, I 
fhall fhew that the conftruction of the fteel-yards is founded on the lame 
principles; but let it be obferved, that we have no regard to the weight 
of the beam A B, (Fig. 48.) or we fuppofe that the part A C, of the 
beam is in equilibrium with the part B C, C being fuppofed the ful- 
crum on which the beam refts ; we likewife fuppofe the diftances A C, 
C e, e f y f g, b /, i k t kl, I m, to be equal j and that the weight e t is one 
pound. 

Is is plain, if we put the weight e in E, we muft put one pound in 
D, to gain the equilibrium ; but if e be put in f t we muft put 2 pounds 
in D, becaufe the momentum of e placed in /j is 2; and for the fame 
reafon, if e be put in g y we muft put 3 pounds in D ; if in />, 4 pounds j 
if in /, 5 pounds ; if in k, 6 ; if in /, 7 pounds ; and, if in m> 8 pounds ; 
for e equal 1 pound multiplied by m /, equal 8, is equal to D 8 pounds 
multiplied by AC equal 1. 

Suppofing the points E, f, g, h, k> /, and m, had a weight of one 
pound fufpended to each, thefe weights being all equal, and equally dif- 
tant from one another ; and fuppofing C, the center of their momentum^ 
we fliall have their fum by taking E once, f twice, &c. and /;/ eight 

times, 
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times, tneir Aim will be 36, which, divided by 8, the quotient 4.5*, give*, 
the center of gravity of the fyftem C B. 

Now we have got an eafy method of finding the center of gravity of 
a fyftem of heavy bodies. Thus, fince the centers of gravity of a fyf- 
tem of heavy bodies, or of furfaces, or of folids, will be in the fame place, 
and when we know the abfolute weight, or the extent of each of thefe 
bodies or furfaces, and the diftance of each center of gravity from a cer- 
tain point, afliimed for the center of the momentum, or from a line, 
which is fuppofed the axis of the equilibrium, we may always find the 
diftance of the center of gravity from that point which we have chofefor 
the center of the momenta, or from that line which we regard as their 
axis. It is from thefe principles that M. Bouguer has furnifhed the 
builders with an eafy method of finding the center of gravity of fhipping. 

It now remains to apply thefe principles, which we have eftabliflicd, 
to the finding of the center of gravity of a (hip, and to begin with the fim- 
plcft operations, we only propofe at firft to find the center of gravity of 
the area of a fedtion of a fhip taken at the load water line, which is re- 
prefented in (Fig. 49 ) by A B. 

I. The two fides of a fhip being equal and fimilar, the line AB may 
be confidered as the axis of the equilibrum, in which the center of gra- 
vity of that furface is to be found. 

II. The curves that form the fides of that Airfare, being very irregular, 
muft be reduced as near as poflible to regular ones, by dividing the fur- 
face, with the ordinatcs a a t b b, c c y d d y obferving to place them at 
equal diftances from one another, and likewife the diftanccs muft be fo 
fmall, that the portion of the curves intercepted betwixt them may be 
confidered as ftrait lines, which will be near enough for practice, as wc 
do not here propofe the tvtmoft degree of exa«ftncfs. 

III. Thefe ordinates will divide the furface A, into a number of paral- 
lelograms, fuch as bd,db, which may be confidered as fuch, on account 
of their being fo very fmall, it is plain, the center of gravity of the paral- 
lelogram bd t db, is at the point where the line c c interfects the line 
A B j and it will be fo with all the reft, fo the centers of gravity of all 
the parallelograms will form a fyftem diftributed on the line A B. 

IV. To find the center of gravity of the fyftem, in refpect of A, which 
is afliimed for the firft term of the momenta y we muft, as was before 
obferved, multiply the furface of each parallelogram by the diftance of 
its center of gravity from the point A, and fo, having the fum of all the 
momenta, we may divide that fum, by the fum of the furfaces of all the 
parallelograms, cr by the whole furface A B, and the quotient will be 
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fhe diftance of the center of gravity from the point A, the axis of the 
momenta. 

M. Bouguer has abbreviated this operation ; for, confidering that we 
imuft have the area of the whole furface A B, before we can obtain a 
folution, he finds that by the method delivered in Chap. VIII. of the Ap- 
pendix, which is as follows : 

i ft. Divide the whole length in feveral equal parts aa t bb f cc,dd, &c. 

2d. Meafure all the ordinates a a, b b, c c, d d, Sfr. and add them al- 
together except the firft and the laft, of which we muft only take one 
half of each. 

3d. Multiply that fum by the diftance betwixt the ordinates, and the 
product will be the area of the fed ion A B. 

The fecond thing to be had is the fum of the momenta of all the ele- 
mentary parts of the furface, which M. Bouguer has readily done, by 
multiplying each ordinate into its diftance, from the point A ; then he 
takes the fum of all thefe products, except the firft and laft, of which he 
takes only one half of each ; and by multiplying that fum by the diftance 
betwixt the ordinates, he has the fum of all the momenta of the elemen- 
tary parts of the furface, which he divides by the area of the furface, 
before found j the quotient gives the diftance of the center of gravity of 
the whole furface from the point A. 

To explain this by an example, let it be required to find the center of 
gravity of a furface A B '{Fig, 50.) j 60 feet long, in order to which : 

1 ft. Divide the furface by the ordinates ab t cd, ef t which are here 
20 feetdiftant from one another. 

2d. Omitting the line A, which here reprefents one of the tranfoms, 
becaufe we aftume it for the axis of the momenta. It is 1 8 feet long. 
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Sappofc then wc find the centers of gravity, of the Turface of each' 
fection contained betwixt the load water line and the keel ; by the fame 
method, we fhall then have a fyltcm of heavy bodies, which will have 
their centers of - r avity in a plane erected perpendicular to the keel at 
their lcvcral diftances from the line A B, winch is afiumed for the 
axis of the imn^nta. In order then to find the polition of the center 
of gravity of the hull, in refpedt to the length, we mud find the polition 
of the center of gravity of the lyftcm, with refpect to the line A B, 
which we aifume for the axis of the momenta, or for the firft terra.. 

Having by the preceding operations found the area of each water-line, 
and its center of gravity, we need only multiply the area of each lection 
by the diftance of its center of gravity from the line A B, and add all the 
produces, except that of the firft and laft, of which we mud only take 
one half of each, and then divide the fum of all the product, by the 
fum of all the areas, obferving to take only half the firft and laft, and tl»e 
quotient will give the diftance of the center of gravity of the whole fyf- 
tcm from the line A B, the axis of the momenta ; we ihall explain this 
by the following example : 

Areas Center* of 

of gravity I'.oluat. 

fur face*. from A B. 

•' A 2000 X 76 76OCO 

C 1800 x 82 147600 

:> ' ' D IOOO x 90 9O0CO 

K 3700 x «So 56000 

F 400 x 70 28000 

1 Keel 55 x 80 4400 

— — . f. in. linei. 

4955 ) 402000(81 I 6 

Having divided 402000, the fum of the momenta, by 4955, the fum of 
the furfaccs, we have 81 feet i [ inches, the diftance of the center of 
gravity of the fyftem from the vertical line A B, which will be nearly 
in the line H H. 

It yet remains to find at what height above the keel in the line H H, 
the center of gravity of the hulk, or of the fubmerged part of the fhip, 
will be found : In order to which, let us take Gg, the upper fide of the 
keel for the axis of the momenta, or the firft term ; then it is only find- 
ing the momentum of each furface with refpect to the keel ; (the diftances 
betwixt each fedion being fnppofed 4 feet,) and then dividing the fum of 
all the products by 49 55, the fum of all the furfaccs. 

Sur- 
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Surfaces. 

/ / 400 x i 400 

t e 700 x 2 1 400 

dd io~o x 3 3000 

c c ibeo x 4 7200 

a a 2000 x 2t 5000 

17000 

Diftance betwixt 4 

f. in. I»n«». 

4955 ; 6Sooo( 13 8 2 is the diftance 

of the center of gravity of the hull above the keel, which will interfeft 
die line H H in the point I. 

In the preceding calculations we have fuppofed the hulk to he com- 
pofed or' an homogeneous matter, all parts of which, in bulk, will be of 
equal weight ; now, tho' this is a caie that can never happen in a fhip, 
which contains various things of different weights, yet it may not be al- 
together ufelefs to the builders, fincc all mips of the fame rate having the 
different weights placed nearly fimilar to their length?, they may find the 
center of gravity as above, and comparing it with the center of gravity 
of a (hip, which is known by experience to have all the good qualities 
that can be expected, we may difcovcr if the center of gravity of the fhip 
we are to build be properly placed, and befides it will aflift us to under- 
hand what follows. 

It would be a very complicated and laborious taflc to find the center 
of gravity of a fliip properly mailed and rigged with all her provisions 
and furniture on board, and, tho" I do not delign to engage in the folu- 
tion of that point, I think it would be unpardonable in me not to men- 
tion the adtion of a heavy body upon the fluid that fupports it, and the 
re-action of the fluid on the floating body. 

It was obferved, in the beginning of this chapter, that the whole weight 
of any body may be confidercd as united in its center of gravity, and 
that if it were fufpended by a line fattened to its center of gravity, that 
line would reft in a vertical portion, and its direction would pal's thro' 
the center of gravity, and the center of the earth j but a body which floats 
in a fluid is not fupported by its center of gravity, but by the preilure of 
the environing filaments of water, which being confidered as infinitely 
fmall, each will adt upon an infinitely fmall portion of the furface of the 
floating body, relative to the fpecifick gravity, and, in proportion to the 
height of thefe filaments, conform to a principle applicable to all 
fluids } namely, that the weight of a column of any fluid will be in propor- 

Supp. L tion 
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tion to the fpecifick gravity of the fluid, and the height of the colurwr 
multiplied by its bafe. 

The preflure of the fluid adting upon all the fubmerged parts of the 
folid body, in the fame manner that gravity zdts upon all the parts of 
matter, the effect of fuch preflure will be united in a fphere of wax, of 
the fame fpecifick gravity with the fluid, and which is intirely fubmer- 
ged, precifely to the fame point as the center of gravity of the fphere of 
wax; we muft then conceive lhat the preffure of the fluid ads im- 
mediately on the furface of the fubmerged body ; but its action is united 
in its center of gravity, juft as if it exerted itfelf upon every part of the 
folid body. Wax is nearly the fame weight with water, and if one finks 
a fphere or ball of that matter, its preflure on the fluid will be united, 
precifely in its center, or in the fame point in which the whole weight • 
of the ball does aft j fo in that fuppofition the center of the preflure of 
the fluid coincides with the center of gravity, the a&ion of each being 
united in the center of the fphere. 

But this is not all ; for as heavy bodies, by their gravity, endeavour to- 
approach the center of the earth, in a vertical line parting thro* their cen- 
ter of gravity, tending directly towards the center of the earth ; fo the 
preflure of fluids endeavours to carry bodies in a vertical tending from the 
center of the earth towards their furface, and pafllng thro' the center of 
gravity of the fubmerged part which forces them towards the furface ; fo 
in any fubmerged body at reft, thefe two oppofite forces coincide in the 
fame vertical, acting ina quite contrary direction to one another. 

We muft conceive then all heavy bodies endeavouring to approach 
the center of the earth, by a fecret force inherent to all the parts of 
matter; fo, (Fig- 52.) the globe of lead b tends towards the center of 
the earth in a vertical ftretching from the point of fufpenfion <7, thro' 
the center of gravity of b. 

Thofe bodies that weigh lefs than a column of water, (of the fame 
bulk), in which they fwim, endeavour to rife by the preflion of the fluid 
in a vertical line tending from the center of the earth to the center of 
gravity of the fubmerged body ; fo the globe of cork d tends towards 
the furface in a vertical line ftretched from the point c i to which it is 
fattened to the center of gravity of the body d. 

Let us then fuppofc two hooks a and c fattened to the oppofite bafes 
of the glafs cylinder A, B, C, D, full of water, and let a ball of lead be 
fufpended by a hair to the hook a, and one of cork, fattened by ano- 
ther hair to the hook c ; it is plain, if the cylinder be upright, the ball 
of lead will defcend towards c ? with a force equal to its weight, leflencd 
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hy the weight of the fluid' it difplaces, and the ball of cork will rife with 
a force equal to the weight of water it difplaces, leflened by the weight 
of the cork, and if the hair that fattens them be cut, they will be affected 
by contrary forces, b defcending in the vertical a c, and d afcending in 
the vertical c a, they will meet in the fame point e, of the axis of the 
cylinder A B C D. But if we fuppofe the cylinder inclined as in (Fig. 
53.) each body will take a different vertical, but parallel to one another j 
fo that if both were let loofe, b would defcend towards f % and d afcend 
towards g, and never meet. Let us fuppofe them joined by a rod b t e, d t 
of the fame weight with Water ; it is plain that each body will obey the 
force that acts upon it, b defcribing the arch bg t and d defcribing the 
arch d b t they will place themfelves in the fame vertical, parallel to af t 
or eg i and if the force which the prefTure of the water exerts on </, be 
greater than the force of gravity exerting on b ; then will d draw b to- 
wards the furface of the water. On the contrary, if the force of gravity, 
acting upon b y be greater than the force of the preflure of the water, 
acting on d, then will b draw it towards the bottom : But if the forces 
be equal, b and d will reft in the middle of the fluid in the fame vertical. 

The two bodies will then turn round a point in the rod b, e,d ; but it 
will not be eafy to aflign that particular place j it appears that if b en- 
deavours to defcend with a greater force than a to afcend, in that 
cafe the center of rotation will be neareft to d, and, on the contrary, if the 
force that raifes d be greater than that which deprefles b, it will be near- 
eft to b. Hence, in all heavy floating bodies which are at reft, the cen- 
ter where the effect of the gravity of the body is united, and the center 
where the effect of the prelTion of the water is united, are in the fame 
vertical, tho' feldom in the fame point, as in a globe of wax which 
was fuppofed to be of the fame fpecifick gravity with water. 

In order to apply thefe principles to (hipping, let us examine what 
would happen to a ftick, funk endways perpendicularly into the (landing 
water. Now this ftick {Fig. 54.) being fuppofed all homogeneous, its 
<xnter of gravity in air would be in e t the middle of the ftick ; let us 
fuppofe the ftick fo light that it finks perpendicularly only to d, the one 
fourth of the length a b : Now the ftick being an homogeneous cylinder, 
the center, where the whole force of the column of water difplaced is 
united, will be in ?, the middle of the fubmerged part. 

Now, admitting all thefe fuppofitions, it is plain, when the ftick is m 
a vertical pofition, the two oppofite forces acting in the fame vertical 
line will deftroy each other, and the ftick will reft in that vertical poll- 
ution ; but .if .the ftick be but a little inclined as in {Fig, 55.) the cafe will 

h 2 be 
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be c nice oriwcwifc; for the gravity which refides in the point c, exerting 
itklt in the direction eg, it will concur with the prciiure of the water 
aitin ; in the direction of the line e f to overturn the flick, or place it 
horizontally on the fur face of the water. 

The center of gravity of the Hick will always be in the middle of it* 
at the point c, becaufe it never changes its portion with refpedt to the 
/lick (Fig. 56.) and the center of the prefihrc of the water will always be 
in the middle of tlic fubmcrged pjrr, or rather of that fpace which is 
abandoned by the mafs of water difplactd, which will be in the point e„ 
in the fame vertical with the center of gravity of the flick, and fo the 
whole will be at reft. 

Let us alter fome of thefe fuppofition?, and we (hall find the fame 
caufes produce different effects. 

Suppofe then [Fig 57.) the part <7f, of the flick a b, to be, if you 
pleafe, three times the weight of c b t of the fame flick ; the center of 
gravity of the flick in air will then be towards d ; the ilick being nearly 
of the fame weight with the column of water difpl iced, will fink, fuppofe 
to e, the center of the imprelhon of the water will be pretty near to d; 
but fuppoflng it in c, or in any other pnint not below d> it is plain, 
when the flick is inclined, as in Fig. 5 3, it will return to the vertical 
polition ; for the force of gravity which acts in the direction or' the line 
d g, will draw the end a towards /, and will concur with the force that 
refults from the predion of the water in the direction of the line c f t to 
bring the flick into its vertical polition. 

To make this flill plainer, let us incline the flick a little more; wc 
may eafily perceive, in Fig. 59, th.it if one purchafc be applied to g t 
acting in the direction of the line g d, and another purchafe applied to 
/, acting in the direction of the line e f\ the extremity b would approach 
to b, and the extremity a to /, and die flick would be in the vertical l> i. 

We may conclude, from this experiment, that any floating body will 
recover its vertical polition, when the center of gravity is below the 
point where the force of the preflion of water is united. The liability 
will be diminhhed, if the center of gravity be never fo little above the 
center of preflion ; and the body will overturn, when the center of gra- 
vity is railed to a certain height above the center of preflure ; for, 
in this laft cafe, both act in concert to overturn the body; whereas, in 
the flrfl, both join to prefervc its upright pofition. 

It was before obferved, that the point lhifts, on which the points c 
and d are turned round. We fliall now remark, I irfl, That this will 
be according as the force of c or d predominates. Second, According to 

the 
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the petition of c and d upon the (lick a b. Third, According to the 
dirnculty that a will find in difplacing the fluid, to bring itfelf to /, or 
that b will find in bringing ititlf to h ; and it is poflible, it may vary 
according to the different inclinations of the Hick. If this point of ro- 
tation were invariable, and a method of finding it could be obtained, 
we might then, without regarding the pre flu re of the water, know 
where to place the center of gravity, cither to keep the flick upright or 
horizontal. I (l all explain this by an experiment, which may be made 
by a well-known toy, or play- thing for children. 

Every one has feen {Fig. 60.) the fmall ivory puppet, which keeps 
itfelf in a vertical pcfition, upon the point of a needle, by the aflifta'nee 
of two counter weights, c and d, which being joined together by a wire, 
arc placed a good way below the pivot that fupports the figure. 

The weight of the figure is cfteemed as nothing, when compared 
with the weights c and d j fo the center of gravity of c and d will be 
towards m. If the figure is inclined towards /, the weight c will be 
carried towards e, and the weight d towards f ; fo the center of gravity 
will fliift towards n ; and as it ftrives to approach the center of the 
earth, and place itfelf in the vertical m b y the figure will recover its firft: 
fituation. It is evident, that it will be quite otherwife, if the weight* 
c and d are placed above the pivot, which fupports the figure ; for if 
they arc placed in i and k, and the figure be inclined never fo little, they 
will both act in concert to overturn the figure. We may likewife fee, 
that if they are placed in g and />, at the extremities of the plane of the 
pivot, which is fuppofed to bs their center of gravity, they will not, 
in the lcaft, contribute to keep the figure upright. 

From this experiment we may infer, Firft, In order to keep the figure 
upright, the two weights, c and d, mud be exactly equal, or their dif- 
ference adj lifted by their diftance from the line bm> fo that their center 
of gravity may be in that line b m. Second, It will be neceffary, that 
the counter weights be below the axis of rotation of the whole fyftem. 
Third, The further the weights are below the axis g h> or the point b % 
the greater power will they have to recover the vertical pofition of the 
figure. Fourth, The nearer the weights are to the point b, or line g b t 
the lefs will be their power to recover the vertical pofition of the figure ; 
and they have no power at all when the weights are placed in the line 
g h. Fifth, When they are placed above the pivot, they will botli con- 
tribute to overturn the figure ; and the greater their diftance above the 
figure, the greater their force to overturn the figure. In order then to. 
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keep the figure in an equilibrium, the center of gravity of the counter 
weights muft be placed below the extremity of the pivot. 

This important point, which M. Bouguer calls the mctacenter, might 
eafily be found in floating bodies, if the center of their motion were in- 
variable and known. 

It is not my intention to follow M. Bouguer through the various fteps 
of his elegant investigation of this point. We (hall here obferve, that 
there is a great difference betwixt M. Bcugucr's metacenter and the point 
of rotation of floating bodies. Though, in Fig. 60, they be exactly the 
fame, yet in floating bodies it will be quite othcrwife ; and it is poflible 
the point of rotation may be continually (hitting, from the time the 
body begins its vibrations till it arrives at fuch a (late as renders them 
regular ; but it is not fo with regard to the metacenter, as M. Bouguer 
has proved beyond difputej and c is certainly the metacenter, in Fig. 61, 
for the fub-merged part is fuppofed perfectly round. 

In order to apply what "has been fcid to (hipping, let us examine the 
cafe of a cylinder (Fig. 62.) lying in the water, of which let abd be 
a fection perpendicular to the axis ; let e b f reprcfent the hold, which 
contains the ballaft, &c. e a and d J reprefent the upper works ; e f the 
line of flotation, and b the maft, of the fame fpecies with the (hip. 

It was before proved, in Chap. VIII. of the Appendix, that the weight 
of the whole (hip, including mails and rigging, and all above water, as 
well as all below water, was equal to the weight of that column of wa- 
ter difplaced by the fub-merged part. Now, g, the center of gravity of 
the whole (hip, and likewife *, the point where the preflure of the water 
is united, muft both be in the vertical plane bb; s muft always be in the 
center of gravity of the fub-merged part e bf t fuppofed homogeneous ; 
or, which is the fame thing, the center of gravity of the column of wa- 
ter difplaced by the fub merged part. 

It is evident that if, by bad ftowage, the center of gravity of the (hip 
be in k, and that of the preflure of the water in /, the (hip would in- 
cline fo far to r, till the two centers, k and /, mould be in the fame 
vertical Im {Fig. 63.) the (hip would then come to her bearings, and 
lay faft in the water, but in a very bad condition for failing. 

Now, as the fection of the cylinder e If, when it is inclined, is fimilar 
and equal to the fed ion e bf, when upright, it will follow that /, the 
center of preflure of the water, will be in the vertical / m ; for it 
will always be in that line which bifects the line of flotation. In this 
cafe, the metacenter does not (hift, becaufe the fection being a circle, all 
the verticals will pafs through the center j tho', in any other form, this 
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point would fliift higher or lower, according to the inclination of the 
body : But it may be found by M. Bouguer't method, the inclination 
being given. 

It will be proper here to remark, that the center of gravity of the 
fhip will always continue in the fame point, even when the fhip heels ; 
for if it mould happen to be otherwife, by the (hitting of the ballaft, or 
any other accident, it would be of very dangerous conlequencc. If then 
the center of gravity be in g {Fig. 62.) in the line b h, it will continue 
in that line, when the fhip lays over, as in Fig. 63 ; for it will not be 
in the vertical tm ; but it will endeavour to place itfclf in that pofition j 
and the force of the prefiiire of the water, exerting itfclf in the direction 
of the line I m, both thefe efforts united will contribute to right the 
fhip; and this will always be the cafe, if the center of gravity, g t be not 
placed above the point c towards h } for, in that cafe, the weight of tha 
(hip, and the prefTure 6f the water, would both contribute to heel, 
the fhip. 

We may, without having rccourfe to M^-Bcuguer's geometric nicety, 
fhew how dangerous it would be, to raife g, the center of gravity of 
the fhip, to any confiderable height above i, the point where the prek 
furc of the column of water difplaced is united, as \wFig. 64, if the 
center of gravity be placed in n, no fooner does the fhip begin to heel; 
never fo little, but the force of gravity acting in the direction of the line 
n 0,. will caufe her to heel more, at the fame time that the preiTure of 
the fluid, united in the point /, acting in the direction of the line i p t 
will flill raife the body higher $ and both thefe forces will continue to 
act in concert, till they both come to be in the fame vertical b n. It is 
now very plain, the more we raife the center of gravity, towards b, the 
more we lower the center of prefTure of the water towards b, the 
greater force will thefe two powers have to overfot the fhip : It is like- 
wife plain, that if the center of gravity were placed in c t it would con- 
tribute nothing cither to heel or right the fhip. Laftly, the nearer wo 
come to b, the more will it contribute to keep the fhip upright j and 
when the center of gravity is below the center of preiTure of the 
water, thefe two will act in concert to keep the fhip upright. 

The center of gravity mud not, at any rate, be placed above the 
point c, which M. Bouguer calls the metacenterj but it will be proper- 
here to remark, that C, the center of the arch e bf % {Fig. 61.) will 
fcrve to limit the center of gravity, even when the body is fo light as 
to fink only to g b b t in an upright, or to i Ik, in an inclined pofition ; 
It is eafy to perceive, that if the center of gravity be in the line / m, any. 

where 
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where betwixt c and /;;, the nearer it is placed to b t the greater power 
will it have to bring the flip upr : .;ht, by ftrugijin* to bring itkjj lnto 
the line lb; on the corii ..: y, it ii hc placed bawi.vt c and m, the nearer 
it is to m the greater p ) *vcr will it !nvc to ovcrkt die (hip. 

The cuiur of gravity, then mu!r not be placed above the point c ; but 
the (hip mav continue upright, too' ii be plate. i ahove n. 

The misfortune is, that it is only fegmcnts ut Circles that have their 
metaccnters in their centers, an J could toey be ascaiily found in (hips ic 
would be a great advantage: k is true, M. Hou^utr has furnifhed us with 
a method to inveftigatc the center of gravity, of a hull in form of a fphe- 
rcid ; but it is not my intention here to follow him in his refearches, 
which he has carried on with all the clcarntfs they are capable of. 

As we confine ourfuves to what is directly applicable to practice; it 
may futnee to have fhewn what cilia the weight of the (hip, and the 
prc'ffure of the water will have upon the (lability of the (hip, and that, by 
what we have collected from M. Bougucr, wc may conclude that the 
metacenter (houli be placed a little above the line of flotation j but the 
center of gravity will be higher or lower according to the form of the 
bottom, or according to the manner of flowing the hold. 

At firft fight, it is c«rtain that all the weight above the line of flota- 
tion helps to make the (hip era; k, and of confequcncc, the lighter the 
upper works the ftifter the (hip, and ic a by this method of lightening the 
upper works, that M. de Goycn, captain of one of his majefty's mips j 
made thofe (hips carry fail which were before thought to be very crank. 

The builders may vary the form of a (hip, chiefly, in three dimenfions, 
to wit, length, breadth, and depth: Let us examine how far enlarging 
of (hip?, in any of thefe particulars, will contribute towards making her 
carry fail. 

If the length only, without altering the other dimenfions, be enlarged, 
the center of gravity and the metacenter will continue the fame height, 
ib her ftability in refpect of inclination to one fide will ine'reafe in pro- 
portion to the weight of the (hip ; and as the weight generally incrcafes 
or diminishes in proportion to the length, we may fay, that in /hips that 
differ only in length, their ftability will be in proportion to their length. 

It will be quite otherwife, if we alter the breadth, for, by enlarging we 
gain, and by ditniniming the breadth we loofe a great deal of the ftabi- 
lity ; M. Bougui-r has proved that the ftability incrcafes in proportion to 
the cubes of the breadths. For, fuppofing the bottom homogeneous, 
then, i ft. The increafc of weight, and of confequence of ftability, will be 
douUe the increafe of the breadth. 2d. The additional weight will act: 

with 
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with fo much the greater force, as the length of the lever is increafed, or 
as the metacenter is raifed, and the height of that point is augmented in 
proportion to the fquare of the breadth ; hence, the (lability will be in* 
creafed in proportion to the cube of the breadth : For example, without 
altering the other dhnenfions, let the breadths be doubled, we thereby 
double the weight, which, acYing upon the arm of a lever, double the 
length will be quadruple, fo the (hip will acquire eight times the (lability. 
We may prove this by an experiment upon two models, the one double 
the breadth of the other } if a ruler b I {Fig. 65) be erected perpendicu- 
lar in the middle of each, and a plumb line fattened thereto, and if like- 
wife an equal weight », be fufpended to each lever b t/t, we (hall find, 
by the angle the plumb line makes with the ruler, the ftability will be 
as 8 to 1. We may likewife prove it, by comparing the different angles, 
made by the fame weight, or which, perhaps will be more fimple, let 
the inclinations be equal, and, fuppofe the one model three times the 
foeadth of the other, then we (hall find that it will take 27 times more 
weight to produce the fame inclination, or the fame weight placed 27 
times further from the axis than the other. Hence, in general, the (la- 
bility will be. in proportion to the cubes of the breadths, provided all the 
other dimenfioHS be equal, fo if the breadth be as 1 to 3, the (lability; 
will be as I to 27, for 27 is the cube of 3. 

Experience has proved to the builders what theory has demonftrated. 
to M. Bouguer, for without doubt it is for that reafon they place the ex- 
treme breadth of the midftiip frame- pretty near the line of flotation. It 
would be very inconvenient to raife the breadth in midfliips ; but by raif- 
irtg the breadth afore and abaft we gain in (liffhefs. This will appear 
very plain, if we compare the fection that forms a reftangolar parallelo^ 
gram at the load water-line to one that forms a rhomboides, whofe 
acute angles are at the Mem and pod, which M. Bottgucr has proved to 
be four times the (lability of the other. Now when, by incrcafing the 
breadth, the water lines become lefs fair, and therefore meets with more 
refinance in dividing the fluid, it will not from thence follow that will 
binder her failing j on the contrary, as (he will thereby carry a great deal 
more fail, it may affift her going. 

We have hitherto confidered the bottom as homogeneous, but it is evi- 
dent, the ftifrhels of a (hip very much depends on flowing the hold, as 
the center of gravity may thereby be lowered. 

If we only increafe the depth, without enlarging either the length or 
Breadth, all the (lability we can gain will be in the ftowage ; which is 
the next thjng to be confidered. 
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The feamen know very well that a (hip will not carry a dout fail till 
loaded fo deep that the furfacc of the water may glance on the extreme 
breadth in midfhips, as the line e j\ (Fig. 65.) or a little above c d % 
(Fig. 66.) and that they mud have a great deal of weight, futh as ballad, 
dinnage, &c. which ferves for no other ufe, but to bring the (hip to a 
proper trim in the water ; for if (he be too light, as in (Fig. 66. J (he 
wili lay over till her extreme breadth £ reds upon the water; hence it 
follows, that a (hip that carries a good fail will heel but little, and ply 
well to the windward ; but if, for want of ballad, the (hip be not loaded 
quite fo deep, if (lie wants but a little, it will be no great difadvantage, 
for after (he once comes to lay over to her breadth (he will go no far- 
ther, and Ihe will fail very well in that pofition. 

There will be great danger in overloading a (hip, for then her guns 
will not be a proper height out of the water, an article of great impor- 
tance, and (he would meet with more refinance in palling thro' the 
water j for, admitting her to be loaded to the line 0 i, (Ftg.6$.) (he 
would difplace no more water by heeling to the fide 0, and fo the predion 
of the water would not contribute with the center of gravity to bring 
the fl ip upright. 

I Hull not prefume to determine this point to a nicety, fo as to admit 
of no exception. It may fuflicc to fay in the general, that a (hip (hould 
be loaded to her extreme breadth j but it is not indifferent what manner 
of ballad we ufe, for the quality and dowage of the ballad may very 
much increafe, or diminifli, the {lability. It is evident then we mud 
have no more ballad than will load her to the extreme breadth } fuppofing 
400 tons, together with provifions, &c. to be fufficient to load a mip to 
her breadth, we mud put no more weight on board, but we may take 
heavier ballad, by which means the center of gravity will be lowered 
proportionally to the fpeciHck gravity of the ballad. Hence is deduced 
the general practice of dowing the heavy goods lowermod, and the light 
uppermod, whereby the (hip will be able to carry the greater fail. 

It is not a matter of indifference how goods are dowed in the hold; 
for, fuppofing a (hip loaded with lead, guns, iron, or and other weighty 
goods, her hold would not be near full, when loaded to her proper 
water line ; and tho', by placing thefc goods on the floor, the (hip would 
.certainly carry a great fail, yet (lie would fail very badly, and be in dan- 
ger of being difrmded by her prodigious rowling and fudden jirks. 

The mariners finding by experience how dangerous this would be have 
an a great mcafure, found means to prevent it by the dinnage, whereby 

the 
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"Hie heavy goods may be raifed, this will make her rowl eafy, and g» 
faioothly thro* the water. 

What we have faid of the (lability of (hipping has infenfibly led us 
to confider the rowling and pitching ; we have already (hewn that the 
rowling may be very much prevented by (lowing the hold ; the form of 
the bottom may likewif* contribute thereto. 

To explain this by an example ; let us fuppofe the ft-clion of a (hip* 
perpendicular to the keel, to be exactly round as (Fig. 63), it is plain> 
if this be agitated in the water, it will have nothing to lupport it, becaui'e 
k dilplaces no more water when inclined than when upright, and of 
^onfequence would rowl prodigioufly. But if we put a plank below l\ 
fuppofe to g y to run quite fore and aft, it is plain, when the lhip is in^ 
clined to the right, the plank g will difplace a column of water to the 
left, which will retard her motions, and this obftruction will always ac"t 
contrary to the way the (hip heels, and will very much diminim the 
rowling, but will add very little to her (lifFnefs j for, admitting the (hip 
to heel as in (Fig. 63.) the plank b g would contribute very little to 
bring her upright. But the depth of the keel, the riling of the floors, 
and the dead wood fore and aft, as in (Fig. 66.), will anfwer the fam* 
purpofe as the plank b g. 

In regard to the pitching, I am of opinion, the bed method that can 
be taken will be to proportion the capacity of every part to the weight 
it is to contain, and it will be very dangerous to depart from this rule; we 
have an in dance of it in the Juno of 60 guns> which, wanting capacity 
abaft,, was always a very bad failer; and, notwithstanding all proper 
means were ufed to remedy this, by moving the iron ballad forward, 
and the fore- mad guns aft, yet all their endeavours proved unfucccfsful* 
for (he fometimes pitched to. that degree, that her counter was under 
water. 

It would not be advifeable to build a bad (hip on purpofe to try ex- 
periments ; but when we find a (hip that has foine bad qualities, it 
Will be of (ingular ufc to find the proper means to remedy the fault. 

In order to comprehend the means to be ufed to prevent the bad con- 
fequences of violent pitchings, let us fuppofe a (hip at reft, and a fea 
taking her afore - t if the how be well fupported, that is to fay, if the fore- 
mod frame be pretty full, and her breadth line of the riling of the floor 
not carried too high, this vefiel will infallibly rile with the fea j it is true, 
when the fea leaves her die will fall again, but it will be ealily, becaufe 
the breadth increafes gradually, even above the load water line ; and this 
fwelling of the body, being gradual, will hinder the (hip from falling witl* 

M 2 fuddeft; 
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tfudaen {hocks ; on the contrary, if (he be very {harp forward, (he wi# 
not pitch fo much, but (he will, in the fea term, bury herfelf under 
water forward, fo that the foremoft guns will be entirely unfcrviceablc 

in a fca-gate. 

We may perceive then, that their are two rocks to be avoided j though 
the breadth muft be carried above the load-water line, to fupport the 
bow that (he may rife to the fea, yet it muft be divided in parts to pre- 
vent violent pitchings. 

Let us ftill confider the (hip pitching, or heaving and fending, in a 
fea- gate j if the foremoft frames nave no hollow, that i6, if they be ftrait, 
from the breadth to the rabbit of the keel or ftem, or if the vertic# 
curve refcmbles a wedge, thofe ihips will fall eafy, becaufe the breadth, 
increafing gradually, the refiftance will likewife be gradual ; but, on the 
contrary, if they are very fliarp below, and the frames form a hollow 
from the rabbit almoft quite as high as the breadth, it is plain {he will 
meet with a very fudden (hock, as the fea meets with no oppoiition, tiH, 
all of a fudden, it is refilled by the breadth j fo that, in general, it is 
lefs dangerous to have a full bow, which will rife to the fea, than a very 
fharp one which will plunge the mip's fore-caftle in. 

Hence, the whole art confifts in rinding the proper mean betwixt thefe 
two extremes ; that is, to give the (hip fuch a form a6 may rife and fall 
eafy into the fea, and likewife not hinder her failing. 

We have now given our readers the fubftance of what thefe two cTni* 
t»ent mathematicians have faid on the theory of Ship-building, and for 
further particulars, beg leave to refer them to the originals } they will 
then be able to judge now far they have fucceeded in determining the 
neccflary data j one thing may be remarked, that they at laft refer us to 
experience, but experience feems not to agree with M. Bouguer's principle, 
on which he fays the velocity depends : For he aflcrts, that if the midihip 
frame be carried before the middle of the (hip, it will obftrudr. the velo- 
city j becaufe the bow will thereby become fuller ; however he places 
it at one twelfth of the length before the middle, to give the helm more 
purchafe. 

I (hall now give our readers an account of fome experiments taken by 
one of our own countrymen, whofc abilities are unexceptionable. He, 
by long experience, and unwearied application, has made feveral ufeful 
difcoveries, which baffled the deepeft refearchea of the moft eminent ma* 
thematicians ; his experiments prove beyond difpute, that we mall gain in 
f oint of velocity, in carrying the midflwp frame before the middle, perhaps 

at 
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mc to affign the reaibn of this, but there is no difputing againft matters 
t>f fad, perhaps it may be owing to what I faid on that head, when 
treating of towing a maft, butt end foremoft, or it may be on account of 
the center of gravity, which will thereby be further forward j it muft 
be allowed this laft circumftance will give the helm more purchafe, tho* 
it cannot be dilcovered by his experiments, the whole defign of thele 
experiments being to determine the form of that body which will go 
thro' the water with the grcateft velocity, and to afcertain the moft advan- 
tageous fituation of the midfhip frame, and that this rauft be nearer the fore 
part than the after part, he has demonftrated in fuch a clear, elegant, 
and familiar manner, that I mould only difcover my own weaknels, in 
prefuming to fay any more on that head j fo I (hall give it in his own 
words. 

Of the FriStion^ or lateral Prejfure of Water. 



TH £ cylinders made ufe of in the following experiments were folidt 
of feafoncd oak, 36 inches long, by four inches and a half diameter 5 
the fides were ftrait, and turned exactly round. 

A, in Fig. 74. is the ftandard to make the comparifon from ; when 
the pieces 1, 2, 3, 4, 5, are fcrewed together, they make the cylinder 
B equal to A, thefe arc drawn thro' the water with the end 5 foremoft ; 
until (by encreafing or leflening the weight a little at the roller or pully) 
the velocities agree. 

After which take out 2, and put together I, 3, 4, and 5, which makes 
the figure C to be one fourth part fhorter than A, at which time it gains 
the velocity of one eighth. 



D } which being drawn againft A, as before, it makes the velocity one 
fourth part more. 

After which, if we join 1, 2, 3, 4, and 6, together, it makes the cy- 
linder E, with no more difference from A, only that there is a direct 
flat fuperficies in lieu of a convex j this drawn againft A, lofes in vclc* 
city one fixth part 

Take off 6 and join 7 ; it makes the figure F, a concave, and, when 
drawn as before, it lofes one fourth part of the velocity. 

When the flat fuperficies is drawn hindeFmoft, it lofes one twenty- 
fburth part. When the concave is drawn hindermoft, it lofes the fame 




one twenty-fourth part. 
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From fuch experiments, we may gain a proportion for lateral preflbrev 
or friction ; we alfo fee the great difference between a convex and a flat 
fuperficies to feperate the water; and the difference between a concave 
end to feperate the water and a flat fuperficies j alfo between a concave 
and a convex end ; and alfo, that there is a fenfible difference as to its 
fcperating the water, by being forcmoft, tho' not fo by the doling in of 
the water by being hindermoit. 

Thefe things may be of ferviae in theory, and feem capable of being 
improved by further experiments. 

NOTES relating to EXPERIMENTS. 

Method for knowing the lines of leaft reft/lance. Intended for the pur- 
pofe of forming the Bodies of Jhips >, aljb, relating to an attempt for 
finding the proportion for the JncJion or lateral prefj'ure of ivater. 

Provide a ciftern for the water as reprefented in the plate (Fig. not 
lefs than 30 feet long, and divide it in halves by a partition length ways, 
that the motion of the water in one part- may not difturb that in the other} 
oblerve, as the leafl: blowing of the wind diflurbs the furface, it is beft to be 
under cover, namely, in a (lied or warehoufe. 

Obferve the pullies, reprefented on the plate, be made very exact, the 
• lines may be iilk or Indian grafs. 

There mull be alio a line drained very tight over the middle of each 
water, and wires fixed upright in the end of each block or folid ; which 
by the ends, turning back over the line, keeps the block or folid direct 
in its courfe. 

At each end of the block is fitted a fmall ftaple, by which the lines 
faften with a hook to draw the block ; there mud be time given between 
each drawing for the water to become ftill. 

The blocks muft be as near as poflible equal in weight, and fwim truly 
level with the furface of the water j if they do not, it muft be remedied 
by cutting out a fmall piece, or by making a groove in the folid, and fo 
trim the block by putting in fmall (hot: The whole will require much 
care* and exactnefs. 

The figures reprefent folids, whofe lengths are 2 feet 3 inches, and 
diameters fomcthing lefs than one third of their lengths } thefe are made 
perfectly round, one end of thefe folids is of one fhape, the other ends 
yary as the figures reprefent. 

The 
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The quantities and weights arc made equal and drawn thro* the water, 
with equal power, that is, firft make the ftandard folids agree in velo- 
city, then fix equal weights to the lines that pafs over the rollers. 

Whoever repeats thefe, or proceeds in making other experiments will 
do well to obferve, what weight nearly he choofes to ufe j for, if the 
power is very fmall, a little obftacle may impede the motion of the folids 
too much. If the weight is great, the velocity will be too much for 
the obferver to decide with exactnefs the difference of velocity between 
the two moving folids. 

POSITION. 

Thefe blocks being perfectly round, and as the water prefles on bodies 
in all directions, therefore, thefe blocks arc truly reprefented by finglc 
lines in the figure A, B, C, D, in (Fig. 76. ) and without having alher 
lines of different curves intermixt with them; fo that which foevef of 
thefe folids (hall have the greateit velocity, has fo far the lines of leaft 
refinance. 

EXPERIMENT. 

There were two blocks or folids reprefented by figure A, of equal weight, 
fizc, and velocity. This velocity was made equal by altering a little the 
weight that palfes over the brafs roller ; one of thefe folids is made a flan- 
dard to try the other, other wife we could not have known fo perfectly 
which end foremoft, of A, would have the greateft velocity. 

Reverfe the ends. 

A drawn againft A equal velocity. "1 f H againft A lofes about one 27th. 

B againft A gains in velocity about one r 6th. / \ G againft A lofes about one 1 6th. 
C againft A lofes in velocity about one 70th. f J F againft A gains about one 1 + th. 
D againft A gains in velocity about one qth. J £ E againft A lofes about one 9th. 

Obferve, that if the brafs rollers are not exact, they will affect the 
motion of the folids ; fo that it is proper to change each folid, together 
with its weight, over each roller, for the fame reafon we change the 
weights to try fcales. The roller which upon careful trial appears to in- 
creafe the effect of the weight may be lelTened in the circumference, or 
the other increafed in the circumference. 

D hath the greateft velocity, I fay it is becaufe the breadth de- 
clines nearer the head than m the others, which eafes the la- 
teral prclTure fooner than in the others. The extreme breadth of- the 

figure 
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figure B, is nearer the end, which breaks open the water (boner, but then 
the breadth is continued further aft, by a ftrait fide> fo that the friction* 
is not eafed by the declining of the fidca fo foon as in D, and therefor© 
the difference in velocity is accounted for as before. 

Experiment with the Solids I, K, L. (Fig. 77.) 

I, and K, are two diflincl blocks, the extreme breadth of each is in: 
the middle ; they are equal in quantity, equal in length, and equal in 
weight, but not equal in breadth. The block K is narrower in the 
middle and fuller towards the ends : The block I is broader at the mid- 
dle, and narrower towards the ends ; they are drawn, and found that K. 
hath more velocity than I, by one forty-fixth part. 

L is the fame length, fame breadth, fame quantity as I ; the extreme 
breadth of this is removed from the middle to one third of the length 
from one end, by which means one end is fuller, and the other juft ft> 
much the (harper, and the floor fhorterj this drawn, the full end fore- 
moft, againft I, gains in velocity one ninth part, and when the (harp end 
is foremuft, it lofes one ninth part. 

Doth not this (hew, that* if a (hip was built with the lines that form 
the body iimilar to the folid whole breadth is in the middle, and if ano- 
ther was built with the lines that form the body (imilar to the (olid 
whofe breadth is one third from the Hern, the latter would lofe of the 
former one ninth part of the velocity ? 

If another (hip was built, whofe lines that form the body were urai- 
lar to the folid whofe breadth lay at one third from the head, it would 
outfail the (hip whofe breadth lay in the middle one ninth part. Alfo, 
that the (hip whofe breadth lay at one third from the head, would out* 
fail the (hip whofe breadth lay at two thirds diftaoce from the head, 
two ninth parts of the di fiance run. 

The abfolute and relative force of a current of water, againft the fore- 
part of a (hip, may be computed from the fines of the angles of inci- 
dence taken in many parts, as is defcribed by M. Dubamel, or fome 
other way equal thereto, as for aft as the midfhip frame ; and as the 
midlhip, or the wideft frame may be placed in the middle, or further aft 
or further forward, and the quantity of the bulk remain the fame in the 
whole j fo by moving the midfliip frame further aft, the lines that form 
the fore end of the (hip thereby runs nearer a parallel to the keel, and 
confequently have the lefs abfolute refinance to the current of water ; 
but this accounts but for one part only, that is the refiftance of the cur- 
rent 
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rerft from the ftem to the middle of the (hip. Yet there is a friction, if 
I may fo call it, from the lateral preflurc of the water ag.iinfc the Tides 
and bottom of the (hip that muft be confidered alfo, which I will en- 
deavour to explain in the manner following. Water, according to its 
depth, is by its own weight comprefled together, againft the ends, iide*, 
and bottom, in all directions ; if the body placed therein be not fp.ci- 
flcally heavier, the water will b^ar it up, and, in proportion, as the boay is 
lighter, the more it will float out of the water ; th's is familiarly known, 
but the applying this to the prelcnt purpofc in ty bear ftacing in this 
manner. 

Water, or any liquid, placed in a box, or vcflcl of any figure, prcfTes 
againft all the fides with a force equal to its depth, and, at the fame 
time, the whole weight on the bottom. On the contrary, when a vcflcl 
is placed in water, the water prefTes the fides and ends inwards, and 
upwards, under the bottom, with a force to bear up the vcflcl, (hip, or 
any other figure whatever, that is not fpecifically heavier than the 
water. 

The moving this body, as it is thus circumftanced, with the water 
prefllng againft it on all directions, muft put all the parts of the water 
that arc next, or near it, in a ruffle and fort of confufion j the particles at 
the fore-end of the (hip, near the bottom plank, appear to be conftantly 
removed by fretti particles of the current prefling in, and impelling 
againft them, and fo one after another j but when we come to a more 
ftrait part of the (hip's fides, and the declining part of the (hip's bottom, 
the particles next the plank are not fo foon difpaced ; this appears, from 
obferving the grafs that grows on the fides of the (hip ; it (hall be feen to 
grow right out, and wave backwards and forwards, from the fides of 
the (hip, as if the water had no motion, when at the fame time, the (hip 
may be failing three four or five knots an hour, or more : This is, in part 
the cafe when the (hip's bottom is clean, but much more fo when the 
bottom is foul. This atmofphere, or carrying part of the water along 
with the (hip, is what I have here called friction, and is to be confider- 
ed, and muft be taken into the account of the refiftance. In order to 
form fome conception thereof, the folids, reprefented by the figures, were 
contrived, being turned exactly round, and the water preffing in all 
directions, they are by me efteemed as fingle lines. 

By thefe experiments, it appears, that by moving the middle frame 
from the middle, nearer one end j that end unto which the wideit 
frame is neareft, gives the grcateft velocity, when turned foremoft, and 
focontrariwife it is reverfc. 

$upp. N Now 
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Now it is plain, that by fo doing, the entrance of the fhip doth make 
a more fudden, or is of more abfolutc force againft the current of 
the water, than when in the middle of the (hip, or folid, on which the 
experiment is tried. To account for this, I am fatisfied with conceiving 
that by moving the midfhtp frame nearer the fore-end of the fhip than 
in common is done, the body thereby declines fo much fooner, and 
takes off part of the friction caufed by the lateral preflure, which appears 
to be of more fervice to the velocity, than what is loft by making the fore- 
part of the (hip fomewhat fuller. 

To infift that the difference in velocity of thefe experiments, as fet 
down to that account, is exactly neither more nor lets, than what is 
there mentioned, may not be ftriftly or fcrupuloufly true, but that it ia 
jiear the truth is demon Oration j and it hath been long ago (hewn by 
Sir Ifaac Newton, that a blunt headed figure, impelled in the direction of 
its axis, was the fhape of lcaft refiftance in a fluid ; but the propereft 
proportion between the length and breadth is not deduced. 

In the next place itrefemblcs nature, in the form of the faft fwimming 
fifties, and hath been experienced with fuccefs ; from all which it is 
become to me a rule, or pattern, that, fo far as other confiderations will 
admit, the lines that form the bodies of iliips (hould be fimilar to ther 
pattern that had the greateft velocity. 

Suppofe a cruifing (hip had all the perfections in her dimenfions, and 
every other part, and the midfliip or broad-fide frame placed near the 
middle of the (hip, and built (harp at the ends j confider the weight of 
the fore-maft, rigging, and fails, belonging to her ; the anchors at the 
bows, which, with the preffure of the wind into the fails, all unfupportcd 
but from the body farther aft, and united to prefs down into the hollow 
of every fea ; I fay, for want of more body further forward, fuch a (hip 
mud plunge deep, and hinder the velocity ; this is not the cafe of the 
hinder part of the (hip. Another confidcration is, the fide refiftance of the 
bottom of the (hip muft not be equally forward to that abaft, for, if it 
was, the fhip muft be trimmed greatly by the ftern, or her rudder would 
not command her, to bear up in a gale of wind. When a (hip is prcft 
with fail, the water is forced up at the bow, a little above a level, and 
the (hip is preffed a little down, which amounts to the fame, with , re- 
fect to her helm, as if the (hip was trimmed by the head. Then (hips 
that carry their tilier near the middle in light winds, require it more a 
weather, when it blows. Suppofe, by moving the midfhip frame a 
little farther forward than M. Duhamd propofes, and is commonly done, 
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if it did not add to the velocity, by fo doing, provided it retard not the 
motion, it is of fervice for the reafons mentioned.— So far thefe Ex- 
periments. 

We may now venture to aflert, that by carrying the midfhip frame 
forward, as in the preceding experiments, we mall gain, not only in point 
of velocity, but likewife, according to M. Bouguer>$ own principle, in 
point of fteerage, which will be a double advantage. 

As thefe experiments were made in ftill water, it may be prefumed, 
when a (hip is to encounter a great head fea, there will be at lead as 
much, if not more occafion for a full bow. 
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The Method of bevelling the Cant Timbers by the Diagonal 
Ribbands ; and likewife the F apian Piece of a Square- 
Tuck y by Water Lines. 

* To bevel the Cant Timbers by Ribbands. 

THE angle Fob, (Plate VII. in the foregoing treatife) will be the 
angle which the fafbion piece will make with the third ribband : For 
o being the point where the plane of the falhion piece interfects the third, 
ribband ; a line drawn from o to F, will be the line in which the plane of the 
timber intcrfects the plane of the ribband : But then, as thefe planes are not 
perpendicular to one another, theangle Yob will not be the true bevelling, 
unlefs the bevel be fo applied that the tongue may be in the direction of the 
ribband, and then the flock cannot lay flat upon the fide of the timber :; 
For which reafon this method will not do for pra*5tice ; for the fureft 
way to take any bevelling, is when both the ftock and the tongue of the 
bevel are fquare to the timber. 

In order then to find the true bevelling upon a fquare, the direction in 
which the ribband intcrfects the timber muft be given, as well as the an- 
gle F o b i and likewife the breadth of the timber : Now if thefe three 
be given, the angle upon the fquare may with certainty be found by the 
follow method. 

Let the diftance betwixt the parallel lines A B and E F be the breadth 
of the timber; B a the direction of the ribband; and ab what the be- 
velling is without a fquare. (See the Fig. under the Scale, Plate VII.) 

Now, that we may the eafier conceive how this bevelling may be 
found, let us fuppofe the timber to be quite ftrait, fuppofe the partition of 
the chert, Page 124; and firft trimmed fquare. Then, becaufetf^is 
what it is without a fquare, it is plain there muft be fo much lined off the 
aft fide of the timber ; the line a B will be the breadth ®f the outfide of 
the timber, in that direction before the wood is taken off j and if B I) 
be made equal to B a, and D d equal to a b, and the angle at D a right 
one ; then it is plain the angle A B d, equal to the angle Fob, will be the 
bevelling, if the tongue of the bevel can be kept in the direction of the 
line B a : But when the ftock of the bevel is laid flat on the fide of 

• Thefe directions are again infertcd in the Supplement for the txnefit of the 
Puichaftrs of the firft Edition. 

thft 
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die timber, the tongue will naturally be perpendicular to the plane of 
the timber, which will be in the line B F j and if F/ be made equal 
and parallel to D d- % then will the angle A B /, be the true bevelling 
upon a fquare. 

DEMONSTRATION. {Plate VII.) 

In the right angled triangle a F B, B F the breadth of the timber is 
given, and a B the common fe&ion of the plane of the ribband, with the 
plane of the timber j again in the right angled triangle b a B or B D </, its 
equal, we have tfBor B D the breadth of the timber in the direction of 
the ribband, when the timber is yet fquare, and 6 a, or D </, what the 
bevelling is without a fquare, fo the angle A B D will be the bevelling. 

But if B F were the common fcclion of the ribband, and timber, then 
the line of direction would be fquare to the timber, which does not alter 
what the bevelling is without a fquare, viz. the line a B or D d. 

In the right angled triangle F B/, F/; and F Bare given, hence we 
have the angle A B J\ the bevelling on a fquare ; but it is plain the rib- 
band will be higher on the aft than on the fore fide, when in the after 
body, and the contrary when in the fore body j therefore the heighth of 
the ribband muft be transferred from the contra to the moulding fide, 
which muft be the firmark when the bevel is fquare to the timber; fo 
the firft thing to be done, is to find the height of the ribband, on the 
contra fide, for its heighth on the moulding fide is given before the tim- 
ber can be formed. 

Before we give dirc&ion how to find this, it will be proper to obferve, 
firft, that tho' the planes of the fquare timbers interfcel the planes of the 
ribbands in the diagonals, in the body plane, yet the cant-timbers do not, 
for the plane of the 4th ribband cuts the plane of the fathion piece, in the 
linerF, and not in the line r s. Secondly, we muft remark, that the 
breadth of the timber muft be determined, which, fuppofe F e in the 
floor plane, fo fliall r B represent the forcfide of the fifhion piece, on the 
floor plane, it being parallel to F P, which rcprefents the aft fide : Let 
F e be fquare to the point F, fo the fore fide of the plane of the fafhion 
piece muft be broader than the aft fide, by the length of the line B e, that 
being what its bevelling to the ftieer plane is without a fquare ; this being 
premifed, we may find the heighth of the third ribband, on the contra fide 
of the fafhion piece, and from thence find the bevelling of the cant tim- 
ber by the following method : . 
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\fl. Take B e t that is, what the fore fide of the plane of the fa/hion 
piece is without a fquare ; fet this off on the perpendicular r d, in the * 
body plane, and draw the line d d parallel to K O. 

Note. The line d d will be in the fore body for the after cant timbers, 
and in the after body for the fore cant timbers. 

id. Produce the common fections of the planes of the ribbands, on 
the aft fide of the fafliion piece, to cut the line d d, as F r in the plate 
meets the line d d in e. 

3</. From the point d draw a line parallel to r F, which will be the 
common fe&ion of the plane of the ribband and the plane of the forelide 
of the fafliion piece ; ufe the fame operations for finding the other rib- 
bands, as you fee in the plate, and call them new diagonals. 

4tb. Find points in thefe new diagonals thro' which the curve of ano- 
ther cant timber would pafs, this will be the fore fide of the fafliion 
piece, obferving that the lines taken from the floor plane muft be fet 
off from the line d d, and not from the line K O ; the diftance of thefe 
points from the curve of the aft fide of the fafliion piece will be what 
the be veilings is, within or without the fquare. In applying the bevel, 
the ftock muft be laid on the new diagonals, but when this is not fquare 
to the timber, take the neareft diftar.ee to the curve of the moulded fide 
of the timber from the forefaid points, and there place the firmark, fo the 
flock and tongue will be fquare to the timber, as in the firft ribband, and 
from thefe points make an exact bevelling board, as in the plate ; the like 
procefs may be ufed for the fore body. 

The difference of the heighth of the ribbands on the moulding, and con- 
tra fide, may be had by projecting the planes of the diagonal ribbands on the 
fheer plane. The forms and bevellings of all the other cant timbers may be 
had by the fame method, but every timber will require another line, for 
the line dd will fall betwixt that and the line K O, till at laft it 
coincides with it, that is, when the timber has no cant, and the new dia- 
gonals will be approaching to thofe that reprefent the planes of the fquare 
timbers in the body plane. 

The cant timbers may likewife be bevelled by water lines j their planes 
are reprefented by level lines in the body plane, which, in fome cafes, 
will be very oblique to the curve of the timbers, but this maybe reduced 
to a fquare, and the bevellings found as before directed : Sec that of the 
iirft tranfom in the plate. 

To bevel the fajhion piece of a fquare tuck by water lines. 

The fafliion piece of a fquare tuck may bevelled by water lines, in the 
iame manner the cant timbers are by ribbands, for as it both rakes and 

£ants» 
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cants, the planes of the water lines will interfedl it higher on the aft than 
on the forcfidej and, before we have their heights on the forefide, the 
breadth of the timber mud be determined, which fuppofe b n (Fig. 71.) j 
but this is not all, for, as it cants, the breadth in the direction of the water 
line, will be more than the true breadth : In order to find the true breadth, 
form the aft fide of the famion piece, as directed in page 140 j but, as we 
intend here to allow for the thicknefs of the plank, we (hall alter both 
the rake and cant. 

Let t 5 (Fig. 69.) be the aft fide of the rabbit on the out fide of the 
poft j W M the common fection of the plane of the famion piece, and 
iheer plane } but before this laft line can be determined, draw the feve- 
ral water lines 1, 2, 3, 4, and 5, parallel to the keel, which may reprefent 
fo many tranfoms ; let all thefe water lines be formed and ended at the 
aft fide of the rabbit, as in Fig. 70, where the round aft of the tran- 
foms is defcribed, and limits the curves of the water lines. Now the 
line W M muft rake fo as to leave room for half the thicknefs of the 
poft at the tuck; in order to which, produce Wgto r, make r g half 
the thicknefs of the poft, thro' r draw a line parallel to g M, to intcrfett 
g G in b j with the radius r b from x f the point of the tuck as center* 
defcribe an arch, and draw the line W M juft to touch the back of 
that arch. 

The lines parallel to g G muft likewife be Co drawn as to cut off no. 
part of the tranfoms in (Fig. 70.) the lines gG, a 4., s 3, are abaft the 
ends of the tranfoms, fo all that wood muft be taken off after the famion 
piece is bevelled. 

Having thus drawn the line W M, firft aflume any point k y at plea- 
fure j in the line W M, Fig. 69, let fall the perpendicular^, and 
draw yj parallel to g G, to interfect a perpendicular drawn from the 
point M in/ Fig. 70. 

id. From M draw the line M 1 fquare to yf t and then the line y n 
fquare to W M. 

3</. Make M «, Fig. 71, (equal to M 1, Fig. 70.) the bafe of the 
right angled triangle k n M, of which M k is the perpendicular equal to 
ky\ fo the angle £»M will be the bevelling to the horizontal plane ; 
and to find its bevelling to the fiicer plane. 

iff. Make M z, Fig. 71. (equal tony, Fig. 70.) the bafe of the right 
angled triangle f z M, Fig. 71, of which, /M the perpendicular, is equal 
toj My Fig. 70 ; fo the angle j z M will be the bevelling to the iheer, 
as demonftrated in page 126. 

Having thus found the bevellings, draw the line ab t Fig. 71, parallel 
to z n i let z a, equal n b x be the fcantling of the timber, then n x will be 

the 
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the breadth of timber on the horizontal, and z c its breadth on the flieer 
plane, and a c what it is within a fquare. 

Now, as the lines g G, a 4, s 3, b 2, y r, rcprefent the aft fide of the 
fafhion piece on the horizontal plane, Fig. 70, we may draw the dotted 
lines parallel to them to reprefent the fore iidc as i:i the plate ; making 
fix, Fig. 71, the fquare diftance betwixt them, and their correfpondings 
on the aft ride, and by thefc dotted lines form the forefide of the falhion 
piece in the fame manner the aft fide was formed ; but thewater lines on 
the fore fide of the plane of the fafhion piece mull nrft be drawn, in 
Fig. 60. Thus, 

1 ft. Draw the lines e It and cd parallel to W M, (Fig. 69.) making 
the diftance betwixt W M and c b equal to a c, (Fig. 71.) and the dif- 
tance betwixt W M and c d equal to zc. (Fig. 71.) 

2d. Draw a line parallel to W F, through the point where the line 
cd interfeds the fifth water line, Fig. 69 ; draw a line parallel to a A, 
through the point where the fourth water-line interfects the line cd. Do 
>the fame by all the water-lines. 

We may now project the fore- fide of the fafhion- piece by the new 
water-lines, obferving that the diftances muft be fet off from the line e 
and not from the line W M ; or find the points through which the curve 
ihould pafs on thefc new water-lines, and the neareft diftance betwixt 
thefe point* and the curve of the aft fide, is what the bevelling is with- 
out a fquare, when both ftock and tongue are fquare to the timber; and, 
when the water-lines are not fquare to the timber, reduce the bevelling 
to a fquare one, and place the firmarks on the moulding edge, as yon 
fee in the plate, and from thence transfer the bevellings to a board, the 
exact breadth of the timber. 

After the timber is trimmed and bevelled from the aft fide, there will 
be a fpiling, e d, (Fig. 70.) to be fet off forward from the line Gg 
produced j and a fpiling, co, from a 4 produced ; laftly, a fpiling, lm t 
from s 3 produced ; and as the aft fide of the fafliion- piece winds, there 
muft likewife be fpilings fet off for the infide, as in Fig. 69. 

Let 11, 12, 13, 14, Fig. 69, be the infide of the faihion-piece j 
make g, j i, Fig. 70, equal to W, 11, Fig. 69 ; </, 12, Fig. 70, equal 
to a, 12, Fig. 69, &c. So 11, 12, 13, 14, will be the fpilings, and 
wear off at the point ij Fig. 70. 

There will be no occafion to fide the moulding fide of the faihion- 
piece quite ftraitj it may be fided fo, that, when the mould is (lightly 
faftened to it, the head of the falhion- piece may round from the mould 
.nearly the whole quantity of the fpiling, and then it may be bevelled 
from the mould, and afterwards the proper fpilings fet oft*. 
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The timber being thus trimmed, the planks will come to the aft fide 
of the faftiion-piece, which will make the ends apt to ftart off with the 
caulking j to prevent which the thicknefs of the plank mult be fct off 
without the moulding edge of the fafhion-piece, as in the plate j and, 
when the fafhion- piece is bevelled to this mould, we (hall have the whole 
thicknefe of the plank, without the moulding edge both of the aft and 
fore fides ; fo the planks may be rabbitted into the fafliion-piece, leaving 
fubftance enough on the aft fide to cover the ends of the planks. The 
planes of the timbers, in fome cafes, cut the plank very obliquely, which 
will occaiion the plank to be thicker in that direction than really it is ; 
therefore the thicknefs of the plank, in the direction of the plane of the 
timber, at each water-line, mud be determined before the mould can be 
made. This will be a very difficult talk j however, we (hall endeavour 
«to perform it in the following manner. 

i ft. Draw a line fquare to the fecond water-line, at the point 2, 
where the plane of the fafliion-piece interfects it on the floor plane, Fig. 
70 ; and produce this line, from the middle line, to interfect all the o- 
ther water-lines, which muft be produced for that purpofe - t fo the fquare 
line, in Fig. 70, will be 2, 2, v. 

2d. Form a cant timber in the direction, or cant of that line, as in 
Fig. 68. 

3d. Set off the real thicknefs of the plank fquare from this timber, 
to interfect the correfponding water-line in the point r j fo r s will be 
the thicknefs of the plank on the plane of the water-line. 

4th. Set off r s parallel to the fecond water-line, Fig. 70 j to avoid 
confufion this was done by a pencil, and we have only the point tjn. 
the plate, where the plane of the famion-piece interfects it. 

5th. Produce b 2, Fig. 70, to interfect the curve in / ; fo / 2 will be 
the thicknefs of the plank in the direction of that line. 

6th. Produce the line b H, Fig. 69, to making bq t Fig. 69, e- 
qual to b /, Fig. 70 ; fo q will be one point of the curve. 

Though this method may be too tedious for practice, yet, as it feems 
to bear a mathematical demonftration, we have adventured to infert it ; 
far from imagining that there are not other methods better adapted for 
that purpofe \ for, without fome fuch contrivance, a (hip could not be 
built exactly of the fame dimenfions with another already built, having 
t>nly the dimenfions of this laft, by taking them off when in a dock, 
which muft be from the outfide of the plank ; whereas, when they 
form the timbers, the dimenfions muft be taken from the in fide of 
the plank. 

£uj>p. O On 
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Main-Mas^ 


Feet. 
80 


Inches. 
24i 


Main-Yard 


Top-maft 


5 S 


1.5 


Do. 


Top-gallanMnaft 




8 


Do. 


Fore-Mast 


7 l 


24 


Do. 


Top-maft 


48 


*-5 . 


Do. 


Top-gallanMnaft 


25 




Do. 


Mizen-Mast 


70 


"7 


Do. 


Top-maft: 


3* 


10 


Do. 


Bowfprit 
Jyb-boom 


36 


25 

1L 


Do. 
Crofsjack 
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On the Mafling of SHIPS. 

S M. Bouguer has given us the general proportions for the length 
and diameter of mails and yards ufed in France \ it may be expected 
we mould give the proportions ufed in England, 

It mull be owned, the art of mailing (hips is quite as imperfect as 
that of forming the bodies, for they bear no manner of proportion to any 
of the other dimenfions of the (hips, and feem to be wholly regulated by 
the judgment and experience of the commanders. This will appear 
very plain by examining the dimenfions of the mails and yards of the 
following (hips, and comparing them with the breadths and lengths of 
thofe Ihips, and yet their commanders were all allowed to be expert fea- 
men. 

Dimenfions of Majh for East-India Sbips^ 

Length. Diameter. Length. Diameter* 

Pert. Inchee.. 

66 i6i- 

36 6 

60 15 
48 12 

34 5* 

61 12^ 

3* 7i 
5<> 12 
50 nf 

Dimenfions of Capt. Kennedy'* Mafts and Yards, of about 182 Tuns. 

Length. Diam. Length . 

Feet. Inch. Feet. 

Main -Mast 62 16*- Yard 44. 

Top-maft 33 10 Do. 32 

Top-galknt-maft 1.8 5* Do. 24 

Fore- Mast 56L i6f Do. 39 

Top maft 30 9fc Do.. 30 

Top- gallant-n«ft 16 5 Do. 12 

Mizen-Mast 53 ii Do.. 40 

Top-maft 28 6f Do. 24 

Bowfprit 36 1 6£ Grofsjack and rpritfail 3 2 feet long; 

Extreme breadth 2 a Spritfail topfail-yard 24 

Length on the lower deck from the aft fide of the ftem to the fore \ f. in. 

fide of theftcro-poft J81 8 
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Dimenfions of Captain Allen'; 
Mafis and Tards t about 176 
Tuns, 

Maftt. Yardt. 
Length. Diam. Len. 
Feet. Incbe*. Feet. 

Main-Mast 63 i&f 44 
Do. top 33 ioi 33 

Do. top-gallant 25 

Fore-Mast 58 16 39 
Do. top 31 lot 33 

Do. top-gall. 23 

Mizen-Mast 53 nth.miz. 
Do. top 25 
Bowfprit 37 16 31 

Crolsjack 32 
Breadth 23 f. 2 in. 

Length low. deck 78 feet, 1 1 {• in. 



Capt, Lyons, about 167 Tiw. 

Majlu Yards. 
Length. Dum. Len. 
Feet. In h. Feet. 

Main-Mast 60 l6t 42 

Do. top 33 10 32 

Do. top gall. 18 5t 24 

Fore-Mast 54 16 37 

Do. top 30 9f 30 

Do. top-gall. 16 5 2 2 

Mizen-Mast 52 11 40 

Do. top 28 6f 24 

Bowfprit 36 i£t 32 

Crofsjack 32 

Breadth 22 feet, 6 inches. 

Length low. deck 79 feet, 1 inch. 



Capt. Bowman, about 162 Tuns. 

Maftt. Yards. 
Length. Diam. Len. 
Fe«t. Inches Feet. 

Main-Mast 60 16 41 

Do. top 32 10 31 

Do. top-gall. 17 5 24 

Fore-Mast 54 i5t 36 

Do. top 28f 9t 28 

Do. top-gall. 15 4f 22 

Mizen-Mast 50 11 to 

Do. top. 25 6 25 

Bowfprit 3 4f i6i 30 

Cro&jack 30 I 

Extreme breadth 22 feet, 6 inches 

length lower deck 76 feet, 6 inches 

Q 2 



Capt. Dwry'j, tfW 150 Tuns; 



Main-Mast 

Do. top 

Do. top-gall. 
Fore-Mast 

Do. top 

Do. top-gall. 
Mizen-Mast 

Do. top 

Bowfprit 
Gibb boom, 
Extreme breadth 



Mafts. Yards. 

Diam. Len. 

laches. Feet. 

58 16 40 

3' 9» 30 

«* Sx 23 

5* *5i 3* 

29 9? 28 

>5 5t »i 

49 11 37 

27 7 2J 

35 16 30 

7 27 
22 feet. 



Length L deck 74 feet, 4 inchri. 

Capt. 
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Capt. Hill, 130 Tun. 

Mafts. Tardt. 
Length*. 

Head*. Diana. Ltn. 
Feet, f. in. Inch. Feet. 

Main-Mast 55 7 6 14J 39 

Do. cop 29 3 3 9 3.0 

Do. top- gall. 18 3 o 4.4 23 

Fobe-Mast 50 70 13 J 35 

Do. tqp 27 3 0 8f 29 

Do. top-gal, 16 20 4f 21 

Mizen-Mast 46 50 10 22 

Do. top 2130 6 24 

Bowfprit 35 14* 29 

Extreme breadth 21 f. 2fin. 
length lower deck 67 4 



G//r\ Houlderson, Billandeiy 
160 Tuns. 



Maw-Mast 

Do. top 
Fom*Mast 

Do. top 

Do. top-gallant 
Bowfprit 
Gibb boom 



Mafts. Yards. 
Length. Diam. Ltr^ 
Feet. Inch. Feet. 
68 I6| 40 

68 10 29 

54 15 38 
30 9 29, 

»8 5 23 

36 15 

26 



Breadth 21 feet. 

Lower deck length, 7 1 f. 4 in». 



13 1 Tuns. 



Main-Mast 57 

Do. top 30 

Do. top. gallant 1 8 

Fore-Mast 52 

Do. top 2.8 

Do. top-gallant 15 

Mizen-Mast 50 

Do. top 26 

Bowfprit 34^ 



Maflt. Yards. 
Len._ Diam. Len. 
Feet. Inche*. Feet. 



l6 

5 

'$ 

SI 

IOv 

16 



40 

3° 

35 
28 

2J 
22 

*3 



Capt. RoiiVi, Snow, 



Main-Mast 
Do. top 

Do. top-gallant 
Fore-Mast 
Do. top 

Do. top-gallant 
Bowfprit 

Breadth 



Malls. 
Len. ; 
Feet. Inches. 

56 



0 Tuns, 

Yards.. 



30 

28 
35 



15 
9 

9 
'5 



Feet. 
40 

3«> 
24 
36 
28 

22 

3° 



2 1 teet. 



Lower deck len. 71 feet, 4 inches. 



3° 

Crofsjack 30 
Breadth 21 feet, 2 inches. 

Lower deck length 73 f. 3 in. 

M B. The three lower marts were fbortened two feet each, and the yards ten 

inches at each end. 



I 
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-dpt. Smith*; Slsep, 100 
Tans. 



Maft- 
Bowfprit 
Boom 
Gaph 



jth Diam. 
Feet. In. 
80 19 
44 15 

28 
40 

opfaiUvaxd 33 
Crofsjack 36 
Top-gallant-maft 19 
Do. yard 28 
Gibb boom 30 
Breadth 20 
Length 61 \ 



Spread yard 



Copt. Gilbee's Sloop, 83 
Tutu. 



73 
42 



'7 
14 
SO 



Length Diam. 
Feet. In. 

Maft 

Bowfprit 
Boom 
Spread -yard 
Top-fail -yard 
Crofsjack 33 
Top-gallant-maft 13 
Do. yard 22 
Gibb boom 26 
Breadth 18 f. gin 

Length 57 f. 2 in 



Capt. Nick a ll's Sleep, $% 
Tuns. 



Length Diirru 
Feet. In. 

Maft 65 15 

Top- maft 14 

Top-gallant maft 21 5 

Bowfprit 40 1 1 

Boom 44 

Gaph 24 

Spread -yard 34 

Top fail, Do. 27 

Top-gallant, Do. 26 

gas* °- £ 

ij read in io< 



Proportions for Mafts and Yards in the Royal Navy; 

TH E mafts arc proportioned to the extreme breadth of the fliip. 
from out to out, and the yards to the length of the gun deck ^ 
and as this treatife is chiefly defigned for the fhip-wrights of his Ma- 
jefty'8 dock yards, we (hall here give the general proportions of mafts 
and yards, for' the benefit of fuch of them as may be employed 
at fea-. 

As to the form of mafts and yards, the general method is to quartet* 
the mafts from the partners to the hounds, and the yards from the flings 
to the yard arms ; fo that both yard arms are exactly the fame, except 
the mizen yard. The diameters at the quarters are in proportion to that 
at the partners or flings ; whether this curve will be an arch of a circle 
or of an ellipfe, or only a fair curve, we (hall not at prefent examine^ 
only give our readers the proportions - t but as the beams are allowed to 
be arches of circles,, we ftiall here ftiew a ready way of making a. bean* 
mould. 

Let A B, Fig. 73, be the length of the beam, G D the round in the 
middle, fo it is only defcribing a circle thro' the three points ADBj! 
but as the circle in fome cafes will be fo large that we cannot come at; 
the center we may ufe the following method. 

\fi. Diaw the lines AD and DB.. 

a* Eton* 
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From the center D, and with the radius D C, defcribe a circle i 
irnakc the arch a e equal to the arch C a, and the arch bf equal to the 
arch C b t fo the arches a e, and b f \ will be equal, and of confcqucncc, 
the angles A D C, A D e y B D C, B Df, will all be equal. 

Divide the lines D C, D <?, and D / into as many equal parts as 
you propofe to find points in the curve ; it is indifferent whether 
thefe parts be equal or unequal j only observing to begin the divifions 
from the point D, and that the divifions of the lines D e, and D /, be 
the lame diftance from the point D that their correfponding divifions 
in the line D C are from the fame point. 

$tb. Draw the line Bx to the firit divifion of the line Dy*, and a line 
from A, thro' z (the firft divifion of the line DCJ, to interfect the line 
fi x in g t which will be one point in the curve. 

In like manner the other points are found, by drawing lines from B 
to the feveral divifions of the line Df t and lines from A thro* the cor- 
refponding divifions of the line D C, to intcrfedr, thofe drawn from B, 
which will all be in the circumference of the circle. In the figure we 
have only drawn the lines B x, and Ag-, but, in practice, we may take 
two chalk lines and fatten one *t A and the other at B, and ftretching 
the one thro* the points in the line D C, and the other thro' the corref- 

Jjonding points in the lines D /, and D e y the interfe&ions of the chalk, 
ines will give the feveral points in the circumference. 

DEMONSTRATION. 

The angle at the circumference of a circle is meafured by half thei 
oppofite arch, as demonstrated in page 28. Hence all angles at the cir- 
cumference of a circle that fland on the fame chord are equal, and of 
confequence, if there be never fo many equal angles Handing on the fame 
•chord, they will be all in the circumference of a circle j or, which is 
the fame thing, a curve drawn thro' the feveral angular points will be an 
arch of a circle. 

The triangles B D x, and A D * are equal, for the fides A D, and 
D B are equal, the fides D x, and D z are likewhe equal, and the angle 
B D x included by the fides B D and D x, equal to the angle A D z, 
included by the fides A D and D z ; therefore the angle D B x is equal 
to the angle DAz. 

The angles D A B, and D B A, are equal, and fubtracting their fum 
/rom 1 80 we have the angle AD B; but the fum of the angles x B A, 
and z A B, is equal to the fum of the angles DAB, and DBA, for the 
angle D B x is added to the angle DBA, and the angle DAz (equal 

to 
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fc> the angle D Bx) is fubtradted from the angle DAB; therefore, the 
angle A b B is equal to the angle A D B, and of confequence the arck 
•f the circle will pafs thro' both j the like may be faid of all the reft. 



Proportions for the length of Ma/is ) 



Anna 1745, 
Guns 



1000 : breadth : : 
in feet 



1000: main maft : : 
1000 : main matt : : 
1000 : main maft : : 

xooo : main maft : : 

1000: main-top- maft:: 

1000: main-top-maft : : 

1000: main-top-maft : 

1000 : foretop-maft : : 
1000 : bowsprit: :: 



► main maft in yards 



mizen-maft 



j 

\ 
I 

^ mizen-cop-maft 

} 



r 

< 70 

50 

44 

I 24 



00 

g 

70 and fo> 



bow-fprit 

main-top-maft 

forc-top-maft 



100 90 So- 
all the reft 
100 90 80 
all the reft 
00- 90 80 



f" 100 90 
70 60 



\ all the reft 

80 
50 
24 

IOO 90 80 
all the reft. 
100 90 80 
all the reft, 
main-top gallant f 100 90 80^ 

maft 1 all the reft, 

fore top-gallant- J 100 90 80. 

maft \ all the reft, 

fprit-fail top-maft i«o 90 8flu 



Proportions for the length of yards.. 



100© : gun deck 



yard 




main yasd; 



fore yard 




4o> 
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rooo : main yard : : < 847 

I 840 

aooo : main yard : : \^ 



20 



1000 : fore yard 



{719 
726 
7 J 5 



j 000 : main top fail ya. : : 690 
1 000 : fore top-fail ya. : : | ^ 



1 000 : fore top-failya. : :< 7 „ 

£ 75 



75° 



5 poo g% 80 60 44 

mizen yard < 70 

I 24 

main top fail yard < 

fote top- fail-yard £ 



24 

all the reft. 

70 
24 

all the reft, 
all the rates 

} fore top gal. ya.{ all 7 t £ ercfl . 
failyai 70 



! 



maintop gall yard 



miz. top- 



l all the reft. 



Crofs jack and fprit-fail yards equal to the fore top-fail yard. 
Sprit top-fail yard equal to the fore top gallant yard. 

Having now found the length of the mails and yards ; our next bufi- 
nefs is to determine their diameters at the partners and flings. 

Proportions for the Diameters of Majls and Yards. 

The main and fore mart in all mips down to 60 guns, 1 inch dia- 
meter to every yard in length. 

For 50 and 40 guns, twenty-feven twenty-eights of an inch diameter, 
to one yard in length. 

For 24 guns, twelve thirteens of an inch diameter to one yard in 
length. 

All top mafts are nine tenths of an inch diameter to one yard in length. 
The fore top-mad as big as the main top-malt. 
The top gaUant mad, one inch to a yard. 
The mizen-maft 44 of an inch to 1 yard in length. 
The mizen top-maft iive fixths of an inch to one yard in length. 
The bow-fprit an inch and half to one yard. 
The flying gibb-boom feven eighths of a fhip to a yard. 
The main, and fore yard five fevenths of an inch to a yard. 
The top-fail, crofs-jack, and fprit-fail yards nine fourteenths of an inch 
Co one yard. 

The top-gallant, mizen top-fail, and fprit-fail top tail yards eight thir- 
teenths of an inch to one. wd. ^ 

The 
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The mizen yard five ninths of an inch to one yard. 
. All fteering fail booms and yards half an inch to one yard in length. 

Proportions for the diameters, at the quarters of mafls an J yards, according 
to their diameters at the partners, or Jlmgs. 

For the main and fore iraft, firft quarter 44 parts •, fecond quarter 
44 parts } third quarter 4 parts ; hounds tt parts ; for the head 4 parts ; 
heel 4 parts. 

For the mizen mad, and (loops mafts that head themfelvea, firft quar- 
ter £t- v for the fecond quarter 44 ; for the third quarter, a ftrait line 
from the fecond to the hounds } hounds three quarters j for the head 
two thirds. 

For top and top gallant mails* firft quarter 44 parts j fecond quarter 
44 parts; third quarter 4- parts j hounds t *t parts ; head 4 parts. 

For the bow-fprit, firft quarter 44 parts j fecond quarter A parts ; 
third quarter 3 quarters ; at the cap one half ; at the heel 3 quarters. 

For yards in general ; firft quarter 44 parts ; fecond quarter nine tenths ; 
third quarter feven tenths s yard arm two fifths. 

For the lower arm of the mizen yard, firft quarter ■}•* parts j fecond 
quarter 44 parts ; third quarter 4 parte ; yard arm two thirds. 

The upper arm of the mizen yard the fame as yards in general. 

As Tome of our readers may not be acquainted with the way of nota- 
tion in thefe proportions, we re&r them to what is faid on that head in 
the firft part, where the principles of the rule of proportion, and the con- 
struction of the line of numbers is explained, and the ufe of the fliding- 
rule illuftrated by a great variety of examples in the rule of three. 

Thole that are but the leaft acquainted with the rule of three, know 
that there are three numbers given ; and, that if the fecond be multiplied 
by the third, and that producl divided by the firft, the quotient will give 
the fourth term, which will have the fame proportion to the third, that 
the fecond term has to the firft. 

The proportion for the main maft of a (hip of 50 guns, is thus cx- 
preffed; 1000: 74P : : breadth : length, that is to fay, (fuppofing the 
breadth be 44 feet,): If 1000 give 740, what will 41 give? 

Now, in order to give a folution to this by the Hiding-rule, draw out 
the Aider till 1000 is right againft 740, and right againft 41, you'll find 
304, nearly, which is the length of the main-maft in yards: It is indif- 

Su/f. P ferent 
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ferent whether looobe on the Aider or on the rule j but If iooo be oh 
the Aider, 41 the breadth mud likewife be on the Aider, fo 740 and 304, 
will be on the rule, and the contrary j or univerfally, the firft and fecond ' 
terms will be on the fame line of numbers, and the third and fourth on 
the other line of numbers, and it is indifferent whether 740, or the breadth, 
be the fecond term, but iooo muft be the firft ; and the length the 
fourth term j the one upon the Aider and the other on the rule. 

The diameter at the partners you will find in the proportions 14 parts of 
an inch to every yard in length j that is to fiy, if the mail were 20 yardi 
long, the diameter at the partners would be 27 inches ; and therefore 
by the rule of three 28 : 27 : : 30 \ : 29 | j therefore, draw out the 
Aider till 28 is againft 27, and right againft 304 is 29 ~. 

The diameters at the quarters are given in what the fliip-wrights call 
fractional parts of the diameter at the partners, or Aings j that of the firft 
quarter of the main maft is £4, that is to fay, if the diameter at the part- 
ners be 43, that at the firft quarter will be 42. Now the diameter at 
the partners, by the preceding operation, is 30 4, fo we have three terms 
of the rule of three given, thus exprefted, 43 : 42 : 30 4> and 
when the Aider is drawn out till 43 is againft 42, we mail And 294 
againft 304* fo 29 4- inches is the diameter at the firft quarter; hence 
we have this general rule ; when the fractional part is given, draw otit 
the Aider till the denominator is right againft the numerator, then look 
for the diameter at the partners, or Aings, on the fame line with the 
denominator ; and right againft the partners, or Aings, you have the dia- 
meter for that quarter, and by ufing the fame operation as for finding the 
firft quarters, we flull find the fecond quarter 284; the third 25 { j the 
hound 204 j and at the head 17 1. 

Now, to find the length and diameter of the main yard j the length of 
the gun deck is 144 feet, the proportion for the length is iooo : 575 : : 
144, therefore, draw out the Aider till 1000 is right againft 575, and 
right againft 144 is 83 nearly, which is the length of the main yard in feer. 

The diameter at the Aings is -f of an inch to every yard in length ; 
83 feet is 27 4 yard?, therefore draw out the Aider till 7 is againft 5, and 
againft 27 4 is 19 

It is pre fumed thefe examples may fuffice to explain the manner of 
notation in the preceding proportions, and likewife the method of Work- 
ing by the fliding-rule, which may be applied to all queftions in the rule, 
of three, fuch as meafuring plank, and timber, wainfeoting, &c. 

We 
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We mall now give our readers the proportions, for the heads, and 
hounds of mafts, and likewife for the caps, tops, truflel-trees, and 
crofs- trees. 

Proportions for Heads and Hounds of Majls. 

The head of the main and fore marts, five inches to one yard of 
the length of the maft. 

Mizen-maft head, if it fteps in the hold, 4^ of an inch to one yard 
in length. , 

All top and topgallant maft heads, four inches to a yard in length. 

The length of the hounds, two fifths of their refpedtive heads. 

Proportions for Caps. 

All caps, except the flying gibb boom, to be in breadth twice the 
diameter of their top-mafts ; and their lengths to be twice their breadth. 
The thicknefs of the main and fore caps, half the diameter of their 
breadths i the mizen cap three fevenths, and the top-mafts two fifths of 
their refpedive breadths. 

The flying gibb boom cap, to be in length five times the diameter 
of the boom, and in breadth twice its diameter, and, in depth, nine 
tenths of the breadth. 

Proportions for Tops. 

The breadth of the top thwartmips, to be one third of the length of 
the top -mart } the mizen-top thwartmips, by fome, is nine thirtieths of 
the length of the mizen top-maft j all tops, before and aft, three fourths 
of what they are thwartmips ; the fquarc hole five inches to a foot. 

Proportions for TruJJ'el-trees. 

In length, to reach within three inches of the outer edge of the top. 

The depth of the main and fore truflel-trees, 4| of an incli to one 
foot in length j their breadth five fevenths of their depth. 

The depth of the mizen truflel-trees, fix fevenths of an inch to one 
foot in length ; and their breadth eleven fixteenths of their depth. 

The main and fore top-maft truflel-trees, to be in length the fifth 
part of The length of their top-gallant-mafts } their depths 44 of an inch 
to one foot in length, and their breadth 41 of their depth. 

The mizen top-maft truflel-trees, half the length of the main-top- 
maft truflel-trees } their depth, one inch to a foot in length, and their 
breadth five fixths of their depth.- 

Pro- 

r ■ « • 
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Proportions for Crofs-treei. 

The length of the crofs-trees, for the main and fore crofs-trees, to 
reach within three inches of the outer edge of the top. 

The mizen crofs-trees, the fame length with the truffcl- trees. 

The crois-trees the fame breadth with the truflcUtrces, and half their 
depth. 

Weight of Anchor t t and Dimenfions of Cablet. 

In the merchant fervice, the meet, beft, and fmall bower anchors are 
generally different, but in the navy thefc three are of the fame 
weight. The dimenfions of the cables are eftimated by their circum- 
ferences. 



Anchors. 
Dov^crs 


100 

Cm. 
C, \tt, 

77 o 

I 9 2 


90 

Cum. 
C. qn. 
71 2 

17 0 


80 

Offii. 
C <]rt. 

66 2. 
l 5 2 


OuM. 

71 2 
I 3 1 


6*4 

Gun*. 
C: <r». 

54 a 
13 © 


50 

C." <JIT« 

44 O 
11 O 


40 

Ouni. 

37 i 
10 2 


3* 

Otto*. 

c: \tt. 
31 0 
8 1 


c. im 

15 0 

7 0 


Cables. 
Sheet & bow. 
Stream 
Hawfcrs 

ditto 


JICfK). 

23 

9i 
9 


incho. 
21 

8 x 


incho. 
21 

J3 
8i 
8 


. inches. 
22 

9 

Si 


inches. 

ni 

8 

/ » 


inch«. 

'7i 
1 1 

61 


inches- 
IO 

6i 
6i 


inches, 

~i4i 
8i 

5i 

c L 
p > 


inche*. 
«i 

8 

4t 

, X 

*r 1 



,4 Table #r Number of Guns on each Deck, their Length, Weight 

of Metal, and Shot. 



' Lower 
, Middle 

Upper. 

Quarter 

Fore Caftle 



Lower. 
Middle, 
Upper 
Quarter 
ForeCalUe 



Number 
on each 

28 

12 
4 



Length 

feet ia. 

IO O 

9 I 

9 6 

8 o 

9 o 



Wt. of 

49 
34 
22 

*4 



26 
26 

26, 
10 



9 6 

9 6 

9 o 

8 o 

9 ° 



5$ 
4* 

22 
*4 



Wt.of 

ia. 

4B- 

X 



32 
18 
1 a 



4 Table 
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A Table of the Number of Guns on each Deck, their Length, Weight 

of Metal, and Shct. 



<3uns 
80 


Decks 

Lower 

Middle 

Upper 

( in'] r*f*/»r* 

v^uarier 


Number 
on each 

26 
26 

24 
4 


Length 
feet in. 

9 °~ 
9 0 
9 0 
7 0 


Wt. of 
metal. 

Cwt. 

55 
40 

2 9 
20 r 


Wt. of 
(hot. 

pounds. 

3* 
18 

? 
0 


74 


Lower 
Upper 
Quarter 
Fore Caftle 


28 
28 
16 

2 


9 6 

9 0 
8 0 


55 
40 

264. 

29 


32 
18 

9 

, 9 


64 


Lower 
Upper 
Quarter 
Fore Caftle 


26 
26 
to 

2 


9 6 

9 2 

7 6 

8 6 


55 
40 

*4t 

27^ 


3* 
18 

9 
? 


60 


Lower 
Upper 
Quarter 
Fore Caftle 


24 
24 

8 

2 


9 °~ 
9 0 

7 0 

8 6 


49 

32i 

20f 
23 


24 
12 

6 
6 


50 


Lower 
Upper 
Quarter 
Fore Caftle 


22 

22 

4 

2 


9 0 
8 6 

7 8 


47i 

3 1 
18 

22 


24 

12 

6 
6 


44 


Lower 
Upper 
Quarter 


20 
20 

4 


9 0 
8 0 

6 6 


40 
26 
18 


18 
9 


*4 


Lower 
Upper 
Quarter 


2 
20 
s 


7 0 
7 0 
4 6 


23 
23 

7t 


9 
9 
S 
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BOOKS Printed for and Sold by A. Millar oppofite Catherine- 
Street in tbe Strand. 

A New Syftem of Geography : In which is given a general Account of the Situation and 
J~\_ Limits, the Manners, Hiftory, and Conflitution of the feveril Kingdoms and Eftates in the 
known World ; and a very particular Deicription of their Subdivifiotu and Dependencies ; tiieir 
Cities and Towns, Forts, Sea ports, Produce, Manufactures, and Commerce. 

By J. F. Bufcbing, D. D. 
Carefully tranflatcd from the laft Edition of the German Original. To tbe Author's Introductory 
Difcourfe are added three Eflays, relative to the Subject llkiftrated with 36 Maps, accurately 
profecuted on a new Plao. This Work makes the beft Geographical Dictionary extant, by a full. 
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